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Abstract
Background: After experiencing whiplash accidents, most individuals recover 
rapidly. Others, however, develop chronic whiplash, a condition characterized by long 
lasting neck pain, somatic complaints and symptoms of anxiety and depression. 
Individuals with chronic whiplash report the condition to reduce their quality of life 
and ability to work. 
As most individuals recover from whiplash accidents without needing medical 
attention, identifying those at risk of chronic complaints, and in need of treatment, is 
important. Factors related to the whiplash accident, like speed and extent of damage to 
the cars, as well as findings from clinical imaging seem poorly correlated with 
outcome. Previous research indicates that socio-demographic factors, pre-injury 
somatic and mental health as well as coping might be associated with prognosis. 
However, as existing literature remains inconclusive, and much of the research is 
based on retrospectively collected data, more evidence is needed.   
Aim: The overall aim of the thesis was to investigate whether socio-demographic 
factors, pre- and post-injury health, use of health care and medications, and early 
coping preferences are associated with outcome after whiplash accidents.  
Method: In study one and two data from two waves of the large, Norwegian 
population-based Nord-Trøndelag Health Study (HUNT2 and HUNT3) was used. 
Study one investigated whether socio-demographic variables (such as age, gender, 
education) and health related variables (such as perceived health, health behavior and 
use of health-services, musculoskeletal complaints, somatic complaints, medical 
diagnoses and anxiety and depression) measured before the accident were associated 
with development of chronic whiplash.  
Study two investigated whether socio-demographic and health-related variables 
measured in individuals with whiplash were associated with recovery. 
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Study three used prospective data from Denmark, following individuals with acute 
whiplash for a year. Coping and health care preferences reported during the first few 
days following the whiplash accident were described. The associations between early 
health care/coping preferences and outcome (neck pain/reduced capability to work) 
one year later were investigated. 
Results: The three studies in this thesis show that: Poor pre-injury health, both mental 
and somatic, is associated with development of chronic whiplash (study one). Similar 
health complaints reported among individuals with whiplash are associated with non-
recovery from the condition (study two). A high use of health care services and 
medications before the injury is associated with increased risk of developing chronic 
whiplash (study one). High use of health care and medications among individuals with 
whiplash is associated with non-recovery (study two). 
Patients’ coping preferences in the acute phase after whiplash injuries are associated 
with outcome in whiplash (study three): Reporting passive coping preferences and 
need of health care increase the risk of neck pain and reduced capability to work one 
year later. Individuals who prefer active coping and want to keep living as normal 
have a better prognosis. 
Conclusion: Chronic whiplash is a complex condition characterized by a broad range 
of complaints. Clinical imaging and accident related factors seem to be poor predictors 
of outcome. Poor pre-injury health and use of health services and medications are 
associated with subsequent chronic whiplash. Similar variables in individuals with 
whiplash are associated with non-recovery. Preferring use of health care and passive 
coping after whiplash is associated with non-recovery. As such chronic whiplash 
resembles functional somatic syndromes.  
 
Knowledge of prognostic factors might aid identification of individuals at risk of an 
adverse prognosis after whiplash, enabling earlier treatment for those most in need. 
However, health care in whiplash is often ineffective and might itself increase the risk 
of poor recovery. More research on treatment of whiplash is needed; in particular on 
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whether targeting prognostic factors like those identified in this thesis can improve 
recovery. 
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1. Background 
1.1 Chronic pain and muscoloskeletal disorders 
Chronic pain and musculoskeletal disorders are common worldwide [1], and can 
impede quality of social and working life [2]. Musculoskeletal disorders are globally 
the second most common cause of disability (as measured by years lived with 
disability (YLDs)1) [1], and from 1990 to 2010 the disability due to musculoskeletal 
disorders increased by 45% [1]. The most frequent musculoskeletal disorders are back 
and neck pain (global prevalence of 9.2% and 4.8% respectively) [1, 3]. Other 
important musculoskeletal conditions include osteoarthritis, rheumatoid arthritis, gout, 
low bone mineral density [1, 3], fibromyalgia [4] and whiplash [5].   
Disability due to pain is especially common in Norway and other Western countries 
[6]. A survey of chronic pain in Europe found that about one in five adults experience 
chronic pain of moderate to severe intensity [2]. In Norway as many as 75% of adults 
experience pain or complaints from the musculoskeletal system in the course of one 
month [7]. Musculoskeletal conditions lead to great societal costs [7, 8] and are the 
most common cause of sick leave [9] and disability pension [8] in Norway.  
In Europe around 40% of individuals with chronic pain report inadequate pain 
management [2]. Chronic pain conditions are multifactorial, and physical, mental and 
experienced health as well as psycho-social and demographic variables can influence 
outcome [10, 11]. In many chronic pain conditions there is poor correlation between 
clinical presentation and objective findings. For as many as 85% of patients with low 
back pain (LBP), no specific pathogenetic mechanism can be found [12]. At the same 
time, magnetic resonance imaging (MRI) shows substantial abnormalities in 30-60% 
                                              
1 For the GBD 2010: “YLDs per person from a sequela are equal to the prevalence of the sequel multiplied by the disability 
weight for the health state associated with that sequela. YLDs for a disease or injury are the sum of the YLDs for each 
sequela associated with the disease or injury.” (1. Vos, T., et al., Years lived with disability (YLDs) for 1160 sequelae of 289 
diseases and injuries 1990–2010: a systematic analysis for the Global Burden of Disease Study 2010. The Lancet, 2013. 
380(9859): p. 2163-2196.) 
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of individuals with no back pain [13, 14], and in about 30% of individuals with no 
neck pain [15]. 
Though clinical imaging and other objective methods often correlate poorly with 
symptoms and outcome in musculoskeletal conditions, other factors (for instance 
mental and general health, psycho-social and demographic variables [10, 11]) might 
predict recovery and be targets for intervention. These factors might not have caused 
the pain in the first place, but can be predisposing or maintaining factors. In patients 
with chronic pain, gender, experienced health, and belief in return to work have been 
found to be strong predictors of vocational rehabilitation [11], and behavioral (BT) and 
cognitive-behavioral therapy (CBT) can sometimes reduce pain and distress and 
improve daily functioning [16]. A study from Norway found a combination of peer 
support, modified work load and a media campaign aiming to improve pain beliefs to 
result in decreased pain intensity and less sickness absence for individuals with LBP 
[17]. Also information about the nature of pain, provided in a manner designed to 
reduce fear, seems associated with less sickness absence in patients with LBP [18].  
Whiplash accidents can in some individuals result in substantial chronic pain [19]. 
Few factors related to the accident seem to be of prognostic importance [19] and there 
is poor correlation between MRI findings and outcome [20-24]. In contrast to many 
other musculoskeletal conditions, whiplash has a specific and obvious cause and time 
of onset. Chronic whiplash might thus provide a valuable opportunity for studying 
how both pre- and post injury socio-demographic and health related factors are 
associated with the development and maintenance of musculoskeletal pain. The aim of 
this thesis was to evaluate whether socio-demographic and health related variables 
self-reported before or after the whiplash accident are of prognostic importance in 
whiplash. 
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1.2 Whiplash 
1.2.1 Definition and history 
The term “whiplash” was first introduced by Crowe in 1928, at the annual meeting of 
the Western Ortopaedic Association, San Francisco [25]. Crow drew attention to 
injuries related to a lash-like effect of the cervical spine in motor vehicle accidents, but 
later regretted introducing the term; the term spread and became widely used while he 
found himself at loss to know exactly what happened to the patients suffering from this 
condition and how to cure them [26]. Prior to this, the syndrome “railway spine” had 
been diagnosed in persons injured in train accidents [27].  
In the literature the term whiplash has been used to describe the mechanism of the 
injury, the injury itself, the various clinical manifestations as well as symptoms and 
signs reported after the injury [28]. In 1995, the Quebec Task Force (QTF) agreed on a 
definition of whiplash [29]:  
“Whiplash is an acceleration-deceleration mechanism of energy transfer to the neck. 
It may result from rear-end or side-impact motor vehicle collisions, but can also occur 
during diving or other mishaps. The impact may result in bony or soft-tissue injuries 
(whiplash injury) which in turn might lead to a variety of clinical manifestations 
(Whiplash-Associated Disorders (WAD)).” 
A five-level grading system has been introduced, grading whiplash injuries according 
to clinical presentation from WAD0 to WAD4 (See Table 1). As most whiplash 
injuries are classified as WAD2 or lower [30, 31], whiplash injures are mainly 
considered to be soft tissue injures of the neck. Injuries of grade 4 (and grade 0) are 
often excluded from research, also by the QTF (WAD0 was not considered as no 
disorder manifests, WAD4 was not in the mandate for the QTF) [29]. 
The importance of the WAD-classification has been debated as the grade assigned to a 
patient has been shown to be associated [32, 33] modestly associated [19, 34] and not 
associated [31, 35] with outcome after whiplash injuries.  
 19
Table 1: Clinical classification of Whiplash-Associated Disorders by the Quebec 
Task Force [29]
Grade Clinical presentation 
0 No complaints about neck, no physical signs 
1 Neck complaints; pain, stiffness, tenderness, no physical signs 
2 Neck complaints and musculoskeletal signs; decreased range of motion or tender points 
3 Neck complaints and neurological signs; decreased or absent tendon reflexes, weakness, sensory deficits 
4 Neck complaints and fracture or dislocation 
In concordance with previous research [36-39], chronic complaints following whiplash 
(by the QTF called WAD) will in this thesis be called “chronic whiplash”. Two of the 
studies presented in this thesis are based on self-reported information on whiplash, 
with no possibility of WAD-classification. As mentioned above, WAD grades 0-2 are 
most common, and there is no reason to believe this to be different in the samples 
investigated in this thesis. In the thesis’ third study, individuals were recruited from 
GPs and emergency units after whiplash car accidents, and individuals with no 
symptoms (WAD0) and fractions or dislocations (WAD4) were excluded [40].  
1.2.2 Diagnosing whiplash 
The Whiplash diagnosis is based on the patient’s symptoms, physical examination and 
mechanism of injury [41, 42]. Medical imaging such as MRI is usually not needed [42] 
or even justified in patients where severe injury is not suspected, due to the 
infrequency of abnormalities detected, the lack of prognostic value, and the cost of the 
procedure [24]. Smaller lesions after whiplash can usually not be detected using 
clinically available diagnostic modalities [41, 43], and even when they can be, findings 
are often unassociated with symptoms [20-23]. When medical history or clinical 
presentation suggests fractures or other serious structural damage, medical imaging 
should be used [41, 42]. 
1.2.3 Incidence
In Sweden in 2003, the annual incidence of acute whiplash trauma was 4.2 per 1,000 
inhabitants [44]. In the same study, the annual incidence of  WAD grades one to three 
was 3.2 per 1,000 [44]. In Norway, the yearly incidence of whiplash trauma has been 
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estimated to be somewhat lower; 2.6 per 1,000 (based on the data used for study one 
and two in this thesis, the Nord-Trøndelag Health Study (HUNT), wave two, collected 
in 1995-1997) [45]. The possibility of underreport in this sample has been discussed 
[45]. Population-based estimates from Canada suggest that 0.81 adults per 1,000 will 
present with whiplash injuries of important severity per year [46]. The incidence of 
chronic whiplash varies greatly between countries, but has in general increased over 
the past 30 years in Western countries [5].  
1.3 Acute whiplash 
In the acute phase after whiplash accidents, individuals commonly report pain in neck, 
shoulders and head [30, 47-49]. In some individuals mental health is also affected; 
symptoms of anxiety and depression are reported, as well as phobia of traveling in a 
car [47].  
Most individuals recover rapidly during the acute phase [29], and the greater part of 
improvement seems to occur during the first three months [40, 46]. Later, symptom 
reporting remains unaltered with further passage of time [46, 50]. Individuals who still 
display symptoms or disability at six months are defined as chronic [29]. 
1.4 Chronic whiplash 
1.4.1 Development of chronic whiplash 
In 2008 a review investigating course and prognostic factors for neck pain in whiplash 
reported that around 50% still report symptoms one year after a whiplash injury [19]. 
However, the proportion developing persistent complaints varies greatly [41]; from 
98% recovered within a year [51] to 70% still reporting symptoms after 15 years [52]. 
The differences in prognosis are likely related to multiple factors. Some disparity 
might be due to different cut-offs or measures selected to represent recovery [41, 53].  
Also, study samples are derived from different populations [41]. The prognosis after 
whiplash might for instance differ between population-based samples and samples 
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recruited from health services, as well as with the insurance or compensation system 
under which individuals are allowed to claim benefits [53]. Studies based on data 
related to insurance processes report varying prognosis; From 31% [30] to 98% 
recovered within a year [51], and 51.7% within two years [54]. Studies investigating 
participants recruited from primary care or emergency units also vary, from, for 
example, 20% [55] to 35% [46] not recovered at 6 months, 24% [56] to 50% not 
recovered within a year [35], or even 82% not recovered within 11 years [50] and 70% 
not recovered within 15 years [52]. 
The importance of cultural differences in whiplash is highlighted as prognosis varies 
substantially between countries [5]. In for instance Canada [46] and Norway [57] 
persistent problems are common, while in Greece [58] and Lithuania [59] almost 
everyone recovers. Frequency of chronicity might be associated with degree of public 
knowledge of potential chronic problems and the expectation of whiplash injuries 
being more or less malign [36, 60, 61]. This is thoroughly discussed in the whiplash 
literature [62] and is more closely covered in the Discussion of this thesis.  
1.4.2 Complaints
Pain
As in the acute phase, pain is frequently reported in chronic whiplash. Neck pain is the 
most common complaint [30, 46, 50, 52, 63], and also the symptom most commonly 
reported to significantly affect health [30]. 
Other pain symptoms, like headache and pain in shoulders [30, 50, 63, 64] and back 
[52] are also commonly reported. Individuals with whiplash experience pain in both 
central and distal body parts [65] and report a higher number of painful locations and 
higher pain intensity than individuals with chronic pain from other causes [65]. 
Other somatic symptoms 
In addition to pain symptoms, individuals with chronic whiplash experience a wide 
range of somatic symptoms, across body parts and organ systems [66], e.g. abdominal 
pain, nausea, dizziness, tiredness [67], fatigue and sleep disturbances [64].  
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However, findings on mental health are conflicting. Based on cross sectional data, 
individuals reporting a recent whiplash injury report symptoms of anxiety and 
depression no different than individuals with no whiplash trauma, while those 
reporting an older whiplash injury (or no time specification) report elevated symptom 
levels (as measured by the Hospital Anxiety and Depression Scale (HADS)) [45]. 
1.4.3 Capability to work 
After whiplash injuries some individuals experience reduced capability to work. About 
one in three report sick-leave due to the accident [30], and most individuals seem to 
need less than a week off from work [46]. Around 10% are on sick leave for over a 
month, and 3% for over three months (participants recruited through insurance 
companies) [30]. In Canada, around 35% still modify their work and leisure activities 
at six months [46]. In Denmark, around 10% of patients recruited thought primary 
health services after whiplash received temporary health benefits one year later - 
versus 3% of marched controls [70]. Other Danish data (participants recruited from 
emergency units) showed that over 90% had returned to usual level of activity/work 
after a year [71]. Based on the evidence above, one might argue that symptoms remain 
longer than reduced function, and that individuals despite reporting considerable 
complaints, often are able to keep working.  
1.5 Risk factors for chronic whiplash 
Multiple factors seem to affect the development of chronic complaints after whiplash. 
An overview of potential prognostic factors and mechanisms involved in the 
development of chronic complaints are presented in Figure 2. The main focus of this 
thesis lies on self-reported pre- and post-injury predictors (predisposing and 
maintaining factors) of chronic complaints. 
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Figure 2: Factors related to the development of chronic complaints after whiplash 
 
 
Study one investigates pre-injury factors, study two similar factors reported after the 
accident and study three investigates early coping. Please note that the figure is not complete 
and none of the studies cover all topics of relevance.  
 
1.5.1 Pre-injury factors: Socio-demographic variables 
Gender 
There are conflicting findings on the prognostic importance of gender. Some reviews 
have found a modest association between gender and outcome after whiplash [19, 32], 
others report consistent evidence of female gender being associated with [53] or 
unassociated with [72] adverse prognosis. In original articles female gender has for 
instance been found associated with lower likelihood of recovery [49, 51], persistent 
neck pain [31, 73, 74], disability/disabling pain [35, 44] and psychological 
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consequences [73, 75]. Other studies have found gender to be unassociated with 
recovery [34, 54, 56, 71, 76-78].  
Age
Findings on age are also inconclusive. One systematic review concludes that older age 
is associated with delayed recovery [53], others disagree [32, 72]. In original articles 
age has been found to be both associated [51, 56, 79-82] and unassociated [34, 44, 49, 
54, 71, 73, 77, 78] with delayed recovery. In most studies identifying age as 
prognostic, the effects are modest [19], suggesting that age does not play a major role 
in outcome. 
Work-situation, income and education 
A review investigating risk factors for persistent problems after whiplash concludes 
that low education increases the risk of persistent problems [32]. Other reviews report 
insufficient [72] or inconsistent [53] information on the importance of education. In 
original articles, education has been found associated with disability [44, 73], anxiety 
and neck pain [73] at follow-up. Others have found low level of education to predict 
poor recovery [49, 83], or to be unassociated with outcome [35].  
A review from 2001 states that there is inconsistent evidence on the importance of 
income and work activities [53]. Multiple original articles, some published after this 
review, have investigated such variables. In some studies, part-time employment is 
associated with lower likelihood of recovery [49, 51]. Receiving unemployment 
benefits, social assistance or sickness benefits before the accident has been found 
associated with negative change in provisional status after whiplash [70]. Other studies 
have found employment status [54, 77], income [73, 77], and social support [76] to be 
unassociated with outcome. 
Family situation 
Reviews have not found consistent information on the importance of family related 
variables [53]. In original articles, married status and a larger number of dependents 
have been found associated with lower likelihood of recovery [51]. Family-situation 
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(single/divorced/widowed versus in relationship) has been found unassociated with 
outcome [35].  
1.5.2 Pre-injury factors: Health and health behavior 
Pre-injury health 
The prognostic importance of pre-injury health and pain is disagreed on. One review 
reports varying findings [19], one concludes on pre-injury health and pain being 
unassociated with outcome [53] and one states that a history of neck-pain indicates a 
small but significantly increased risk of chronic whiplash [32]. 
A population-based study collecting information among individuals who had never 
experienced whiplash found that poor health, both physical and mental, was associated 
with whiplash and neck pain 11 years later [84]. Examples from other original articles 
show that pre-injury neck pain [31, 44], general musculoskeletal complaints [79], a 
history of widespread pain [34], more depression, and axis 1 psychiatric diagnoses 
[69] as well as pre-injury use of health care (GPs and hospitalization) and medications 
(weekly use of analgesics) [84] are associated with adverse prognosis after whiplash. 
However, findings are not consistent. High psychological distress (several 
psychological distress factors) has been shown to predict neck pain but not capability 
to work [83]. A study found pre-injury widespread pain to predict persistent symptoms 
after whiplash, while general pre-collision health and neck pain did not [34]. Pre-
injury neck pain [49, 76, 85], widespread pain [76] or pre-injury psychiatric factors 
[79] have all been shown to be unassociated with outcome.  
Individuals with continued pain after whiplash have been found to underreport pre-
injury pain symptoms [86]. Information on pre-collision health collected post-injury is 
thus at risk of misclassification bias, potentially contributing to the varying findings on 
the prognostic importance on pre-injury health [19]. 
Pre-injury health behavior 
Few studies have investigated the prognostic importance of pre-injury health behavior 
in whiplash. A review from 2008 found no studies investigating the effect of pre-injury 
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physical fitness or exercise on outcome [19]. Potentially related to physical fitness, 
BMI has been found both associated [78] and unassociated [71] with prognosis. 
1.5.3 Accident related factors 
The prognostic importance of factors related to the actual accident has been studied 
widely, and seem to be of surprisingly little importance. It should be noted that most 
studies investigating collision related factors rely on self-reported information, and 
there might be inaccuracies related to recall and estimations. Collision related factors 
are not included in the studies in this thesis (apart from as potential confounding 
factors in study three), but findings from previous literature are presented briefly here.  
Reviews have found collision related factors (position in the vehicle [19], awareness of 
impending collision [19, 32], direction of collision [19, 32, 72], being the driver or 
front passenger [32] and whether the vehicle was stationary when hit [32]) 
unassociated with adverse prognosis. One review states that there is insufficient 
evidence to conclude on the importance of head-rest and seat-belt [72]. Later reviews 
have concluded that not wearing a seat-belt predicts persistent complaints [32] while 
use/type of headrest does not [19]. 
Examples from follow-up studies show that use of head rest or seat belt, seating 
position, whether the seat belt was broken [73], head position on impact [73, 81], 
speed [34, 71, 78, 81], anticipation of the collision, lack of head-rest [34] and direction 
of collision [34, 35, 44, 78, 85] are unassociated with persistent complaints. Also 
studies with a cross-sectional design [87] and shorter follow-up times [48] have found 
accident related factors unassociated with symptom report. Findings are, however, 
mixed. Some studies find that being in a vehicle other than a car [34, 51], being a 
passenger, collision with a moving object and colliding head-on or side-ways [51] are 
associated with lower likelihood of recovery. Also, individuals who reported their 
collision as medium or high severity are at increased risk of persistent neck pain [34]. 
This was, however, found in a study where neither speed, direction nor use of head-
rest was of importance [34], potentially implying that individual interpretation of 
severity is of greater importance than the actual forces involved.  
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A placebo study from Germany reported that around 20% of volunteers exposed to a 
placebo collision almost completely lacking biomechanical stress, developed 
“whiplash like” symptoms within a few days [88]. Perturbations of daily living have 
been shown to be similar to those experienced in low velocity whiplash accidents [89] 
further implying that actual forces might be of limited importance.  
1.5.4 Post-injury factors: Tissue damage and biological mechanisms
The kinematics2 and kinetics3 of rear-end car collisions have been investigated in 
studies involving dummies, human cadavers, volunteers and computer models [43].  
The whiplash neck movement can sometimes exceed physiological limits and might 
lead to structural injury to for instance zygapophysial joints and capsules [41, 43, 91], 
anterior longitudinal ligaments and discs, muscles [43], nerve roots and dorsal root 
ganglia [43, 92]. The development of chronic pain might further be related to stress 
response systems [93, 94], dysregulation of the hypothalamus-pituitary-adrenal axis 
[94, 95] and augmented central pain processing [96, 97] (list not complete). 
Some studies find structural changes in muscles of individuals with chronic whiplash 
when using MRI [98]. For instance more fatty infiltrate in and a larger cross sectional 
area of the neck extensor muscles has been shown in females with chronic whiplash 
compared to health controls [23, 99]. Other MRI studies find no significant differences 
between individuals with whiplash and healthy volunteers [20-22]. When 
morphological changes are detected, there is often little [100] or no correlation 
between these and clinical symptoms [20-23]. In general it seems that clinically 
available imaging technics fail to detect tissue damage in whiplash [43]. Tissue 
damage might very well exist, but is not yet clinically useful in predicting chronic 
symptoms. Biological mechanisms and findings are beyond the scope of this thesis. 
                                              
2 Kinematics: “branch of physics and a subdivision of classical mechanics concerned with the geometrically 
possible motion of a body or system of bodies without consideration of the forces involved (i.e., causes and effects of the 
motions)” (90. Taboola. Encyclopaedia Britannica Online.  12.02.2014].) 
3 Kinetics: “branch of classical mechanics that concerns the effect of forces and torques on the motion of bodies having 
mass.”  (90. Ibid.) 
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1.5.5 Post injury factors: Initial complaints and clinical findings 
The predictive importance of initial complaints and clinical findings has been 
investigated in multiple studies. Systematic reviews report consistent evidence that 
high initial pain [19, 32, 53, 72], a greater number of symptoms, more parts of body in 
pain and pain-related limitations [19] predict persistent problems.  
Examples from original articles show that high initial neck pain [49, 56, 73, 74, 76, 81, 
82], a greater number of symptoms [76, 81], impaired neck movement [80, 82] as well 
as high scores on the Neck Disability Index (NDI) [34, 76, 78, 80] and the Function 
Rating Index (FRI) [54] are associated with poor recovery. Other studies report that 
range of movement (ROM) is unassociated with chronic disability [76], and that pain 
intensity and ROM do not to predict sick leave [101].  
As the WAD-classification is based on complaints and clinical findings, studies 
showing the WAD grading to be associated [32, 33, 44] or modestly associated [19, 
34] with outcome suggest that early complaints and clinical findings are of prognostic 
importance, while studies finding the WAD grading unassociated with outcome  [31, 
35] do not.  
1.5.6 Post-injury factors: Cognitions and emotions 
Early psychological factors 
The research evidence is mixed with regards to whether early emotions related to the 
accident are of prognostic importance. Some reviews state strong evidence of acute 
psychological response being unassociated with outcome [72] while others find post-
injury psychological distress to predict recovery [19]. 
Examples from original articles show that emotional distress has been found 
associated with subsequent neck pain [31] and post-traumatic stress disorder (PTSD) 
[68]. Rumination is associated with psychological consequences one year post-injury 
[75]. Individuals with high level of general psychological distress (as measured by the 
General Health Questionnaire (GHQ)) after the accident have increased risk of chronic 
disability [76] and persistent neck pain [34]. Stress reaction (measured by the Impact 
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of Event Scale (IES) [102]) has been found associated with subsequent symptom 
report [48] and disability (NDI) [80]. Injury-related changes in psychological and 
cognitive functioning (i.e. nervousness and impaired focused attention) are also 
associated with adverse prognosis [82]. Also helplessness4 is associated with neck 
pain, as well as perceived disability and anxiety and depression at follow-up after 
whiplash [73]. 
Expectations
Positive expectations are associated with better health outcomes in a range of 
conditions, including locomotor pain [11], low back pain and myocardial infarction 
[104]. The strength of association depends on the clinical condition and measures used 
[104]. In whiplash, expectations predict both development of chronic disability [76, 
105] and recovery [106, 107]. Individuals with mild pain are more likely to expect 
complete recovery [105], but the association between expectations and disability 
remains after controlling for severity of physical and mental symptoms [105]. 
Coping
Coping can be defined as purposeful efforts to manage stress. In the field of chronic 
pain, some researchers categorize coping efforts into active and passive dimensions 
[108, 109]. Active coping refers to coping strategies where an individual tries to do 
something active to remove or relive the stressor (here: pain), or attempts to control 
pain or function in spite of pain. Passive coping refers to strategies that keep an 
individual from directly addressing the stressor (such as withdrawal), and involves 
giving responsibility for pain management to an outside source and/or allowing other 
areas of life to be adversely affected by the pain [108, 109]. 
After a whiplash accident individuals have to cope with a stressful, potentially life-
threatening event, in addition to the early physical complaints resulting from the 
accident. Reviews show that the way individuals cope is associated with recovery also 
in whiplash [19, 107]. While active coping often is found to be unassociated with 
                                              
4 Helplessness generally refers to a psychological state in which individuals believe their efforts to be ineffective (103. Maier, 
S.F. and M.E. Seligman, Learned helplessness: Theory and evidence. Journal of experimental psychology: general, 1976. 
105(1): p. 3.) 
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outcome [110-112], most studies agree that passive coping is associated with an 
adverse prognosis [76, 110-112]. In the first few weeks post-injury, individuals who 
seek palliative relief, experience fear, annoyance, anger or feel inadequate but do not 
share their concerns or fear with others are at risk of developing chronic whiplash 
[110]. High scores on “distraction”, “reinterpretation”, “praying and hoping” [113],  
“catastrophizing” (more thoroughly discussed below)  [113, 114]  and low scores on  
"control of pain" [114] are associated with persistent symptoms. Individuals who 
recover from whiplash use more active problem-solving coping strategies than 
individuals who remain symptomatic [114]. 
Coping style may affect recovery from whiplash injury through issues of compliance;  
whiplash patients who have a low active and a high passive coping style are less likely 
to attend an active exercise-based rehabilitation program and more likely to use 
prescription medications in the first 3 weeks following injury [115].  
The importance of coping seems to increase from the acute phase and throughout the 
first year; as time passes individuals use a higher number of different coping strategies, 
and the proportion of variance in disability explained by coping gets larger [116].  
Catastrophizing and perceived injustice 
Research indicates that catastrophizing and perceived injustice might predict 
prolonged pain and disability after whiplash [117]. Pain catastrophizing can be defined 
as an exaggerated negative orientation to actual or anticipated pain. It comprises 
elements of helplessness, rumination and magnification [118].  
Catastrophizing is associated with heightened pain experience across a broad range of 
pain conditions [118]. Also in whiplash this seems to be the case. In multiple cross-
sectional studies, catastrophizing has been found associated with adverse outcomes, 
for instance pain [119], disability [116, 120] and sensory hypersensitivity [121]. A 
prospective study investigating some participants with whiplash injuries and some 
with musculoskeletal problems due to occupational accidents found high scores on 
pain catastrophizing to predict pain at the one year follow-up [122]. This association 
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remained significant after controlling for initial pain severity, depression and fear of 
movement and re-injury [122].  
Catastrophizing correlates highly with perceived injustice [117, 122], another predictor 
of outcome after whiplash. In the context of painful injury, perceived injustice can be 
measured using the Injustice Experience Questionnaire (IEQ), a construct comprising 
cognitive appraisal of severity of the condition, perceived irreparability of loss, a sense 
of unfairness, and blame (amongst more) [122]. In whiplash, perceived injustice (as 
measured by the IEQ) seems relatively low the first three months. Then, between three 
and six months, perceived injustice scores become elevated in individuals that do not 
recover [55]. In individuals having been through a 7 week rehabilitation program after 
whiplash injury, post-treatment perceived injustice (IEQ) is a significant predictor of 
not having returned to work, of higher levels of pain and of use of narcotics one year 
later [123].  A prospective study on individuals with musculoskeletal injuries 
(occupational injuries and whiplash), high scores in perceived injustice predicts work 
disability one year later, also after controlling for initial pain severity, catastrophizing, 
and pain-related fears [122].  
Perceived injustice might be important when considering how and why blame affects 
recovery from whiplash [124]. A recent prospective study found individuals who were 
responsible for the accident to be twice as likely to recover as those not responsible  
[35], and resentment is associated with both psychological and emotional dysfunction 
and quality of life after whiplash [125]. 
1.5.7 Post-injury mechanisms: Compensation and litigation 
Many of those who seek compensation after whiplash are distressed by the slowness 
and obscurity of the proceedings, as well as dissatisfied with the outcome [68]. Legal 
problems are reported as stressful and a constant reminder of the accidents’ physical, 
psychological, and social consequences [68]. Settlement, even if unsatisfactory, can be 
a relief from stress, enabling people to put the past behind them and concentrate on the 
future [68].  
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Compared to individuals that recover, individuals with persistent symptom after 
whiplash are more likely to have claimed compensation and less likely to report a 
resolution to the claim [34]. Claiming compensation predicts persistent neck pain [75], 
and claim closure is associated with higher report of recovery [54]. Time to claim 
closure is a potential proxy of recovery, and is associated with pain intensity, 
functioning and depressive symptomatology in both tort5 and no-fault compensations 
systems [127]. 
In Saskatchewan, Canada, the importance of compensation in whiplash was 
investigated as a natural experiment. In January 1995, the previously used tort 
compensation system for traffic injuries, which included payment for pain and 
suffering, was changed to a no-fault system which did not include such payments 
[128]. Despite an increase in number of vehicle-damage claims and total kilometers 
driven, after the change to the no-fault system, the incidence of whiplash claims 
dropped by 28% and the median time to claim closure dropped by more than 200 days 
[128]. These findings indicate that type of insurance system impacts frequency and 
duration of whiplash claims, and that claimants recover faster when no compensation 
for pain and suffering is available [128]. 
Even though an association between compensation processes and recovery has been 
shown in multiple studies, other studies have found little or no association between 
outcome and the initiation of a lawsuit [71], litigation processes [129] or prolonged 
compensation proceedings [68]. A review from 2003 provides strong evidence of 
compensation being unassociated with prognosis [72]. A different review from 2001 
concludes that “it is becoming obvious that the insurance and compensation systems 
have a large impact on recovery from acute whiplash injuries” [53(page E445)]. This 
statement was however based on findings from only one study ([128]). 
 
                                              
5 Tort: “A wrongful act or an infringement of a right (other than under contract) leading to legal liability” (126. Oxford
Dictionaries. Available from: http://www.oxforddictionaries.com/definition/english/tort.).  
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1.5.8 The presence of multiple risk factors 
The risk of chronic problems after whiplash seems affected by the number of separate 
risk factors present [76]: When investigating risk factors like baseline pain, number of 
symptoms, passive coping and predicted time to recovery, a dose-like response 
relationship has been found; as the number of risk factors increases, so does the 
proportion of participants with chronic disability.  
1.6 In summary – few conclusions 
As evident by the research presented above, there is still uncertainty around the 
predictive importance of many proposed risk factors. This might for instance be 
related to different measures and cut-offs used to define chronic whiplash and 
recovery, samples being derived from different populations (country, cultural 
differences, insurance systems, population-based samples or participants recruited 
from police records or health services), changes over time as well as recall6 and 
publication bias7. 
The two latest reviews investigating risk factors after whiplash were published in 
2009. One review concludes that low education, female gender, a history of pre-injury 
neck pain, baseline neck pain, baseline headache, catastrophizing, WAD grade two or 
three, and no use of seat-belt are significant predictors of outcome [32]. This review, 
however, also investigated publication bias, and found only the predictive importance 
of baseline neck pain, WAD grade, headache and no postsecondary education to be 
robust to publication bias [32]. The other review presents results from the Bone- and 
Joint decade 2000-2010 Task Force on Neck Pain and Its Associated Disorders and 
found no scientifically admissible studies examining the prognostic importance of 
                                              
6 Recall bias: When diagnosis (here the accident or chronic whiplash) effects reporting, e.g. by improving memory 
(enhancing sensitivity among cases), by provoking false memory of exposure (reducing specificity among cases) or by the 
disease itself clouding memory (130. Rothman, K.J. and S.L. Greenland, T. L., Modern Epidemiology, Chapter 8, in Modern
Epidemiology. 2008, Lippincot WIlliams & Wilkins: Philadelphia. p. 111.) 
7 Publication bias: Bias with regards to what is more likely to be published, e.g. significance bias (preferential submission and 
acceptance of significant associations), size bias (preferential submission and acceptance of larger studies) and suppression 
bias (when certain types of results are intentionally not submitted) (131. Rothman, K.J. and S.L. Greenland, T. L., Modern
Epidemiology, Chapter 33, in Modern Epidemiology. 2008, Lippincot WIlliams & Wilkins: Philadelphia. p. 678.) 
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psychological or social factors after whiplash [5]. This review states the need for 
studies investigating these factors as well as personal factors such as premorbid 
conditions and collision related factors [5].  
1.7 Avenues for further research 
Previous research has identified several areas where more information is needed. 
There is for instance, lacking evidence regarding the prognostic importance of socio-
demographic factors, pre- and post-injury health and health behavior, compensation 
and early coping in whiplash.  
When information on pre-injury health and health behavior is collected after the injury 
(retrospectively8), reporting of exposure might be affected by the event/outcome and 
the information subject to recall and report bias [132]. Further, as the role of 
compensation systems and litigations is still unclear, research investigating other 
factors should be conducted unrelated to such processes. The importance of socio-
demographic, pre- and post-injury health and health behavior should therefore be 
investigated in large, prospective9, population-based studies, unassociated with 
compensation processes. 
Conclusions on the prognostic importance of early coping are also lacking. Most 
studies investigating coping after whiplash have collected the information used around 
three to six weeks post-injury [76, 110-112]. To the best of our knowledge, only one 
study has investigated coping within one week of the accident [74]. Later, coping 
might already have been affected by for instance on-going pain or health services, and 
in whiplash, coping has indeed been shown to change over time [116]. Early coping 
should be investigated in clinical studies recruiting participants straight from the first-
line services, minimizing time from accident to participation. To further reduce the 
                                              
8 Retrospectively with respect to the recording of the exposure (132. Rothman, K.J. and S.L. Greenland, T. L., Modern
Epidemiology, Chapter 6, in Modern Epidemiology. 2008, Lippincot WIlliams & Wilkins: Philadelphia. p. 96.) 
9 Prospective with respect to recording of exposure; when exposure measure cannot be influenced by the disease 
(outcome/event) (132. Ibid.) 
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risk of confounding, also this research should be conducted unrelated to compensation 
and litigation processes.    
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2. Aim 
The overall aim of the thesis was to investigate factors associated with development 
of, and recovery from, chronic whiplash. 
Study one and two 
Using data from two waves of the large, Norwegian population-based Nord-Trøndelag 
Health Study (HUNT), the aims were to: 
x investigate whether socio-demographic variables (such as age, gender, 
education) and health related variables (such as perceived health, health 
behavior and use of health-services, musculoskeletal complaints, somatic 
complaints, medical diagnoses and anxiety and depression) measured before the 
accident are associated with development of chronic whiplash (study one) 
x investigate whether socio-demographic and health-related variables measured 
in individuals with whiplash are associated with recovery (study two) 
Study three 
Using prospective data from Denmark (individuals with acute whiplash followed for a 
year), the aims were to: 
x describe which coping and health care preferences participants report during the 
first few days following the whiplash accident  
x determine whether these early health care and coping preferences are associated 
with neck pain and reduced capability to work one year later  
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The first wave of HUNT was conducted in 1984-1986 [133]. Data was collected using 
questionnaires, interviews and clinical examination [133]. All inhabitants over 20 
years of age were invited, and in total 89.3% (n=77,212) participated [134]. The 
design applied in HUNT1 was in large repeated in the two following waves, HUNT2 
and HUNT3 [134]. For each wave, both new and previous participants were invited, 
resulting in a large data-base of partly repeated-measure information.  
The second wave of HUNT, HUNT2 was conducted in 1995-1997 [136]. The main 
objectives in HUNT2 were large public health issues like cardiovascular disease and 
mental health [135]. Among the 94,194 individuals (aged 20 years and older) that were 
invited, 66.7% of men (n=30,860) and 75.5% of women (n=35,280) participated [135]. 
Participation was age-dependent, with the highest participation in the age group 60-69 
for both genders [135].  
The third wave of HUNT was conducted from 2006 to 2008 [133, 136]. Among the 
93,860 individuals invited, 50,807 (54.1%) participated [134]. In HUNT3 
nonparticipants had lower socioeconomic status, higher mortality and higher 
prevalence of several chronic diseases [137]. 
The participation rate declined from HUNT1 to HUNT3. In all waves, more women 
than men participated [134]. In this thesis, data from HUNT2 and HUNT3 was used 
(no data from HUNT1 used). In total, 33,117 individuals participated in both HUNT2 
and HUNT3 and were eligible for our analyses.  
3.1.2 Study three, Danish Pain Data 
The third study is based on data from a two-center study conducted by the Danish Pain 
Research Centre, Aarhus University Hospital and the Back Research Centre, Odense 
University Hospital. Data was collected from April 2001 to June 2003 [40]. The 
catchment area included the former four counties of Viborg, Aarhus, Vejle, and Funen, 
and covered 1.7 million inhabitants in 2001. 
Patients consulting emergency units or general practitioners (GPs) with acute neck 
pain after whiplash accidents were invited to participate and informed about the study 
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in a written invitation. Patients aged 18-70 years experiencing neck pain within 72 
hours after being exposed to a rear-end or side-impact car collision were included. 
Patients were not included if they [40]: 
x could not be examined within 10 days post-accident 
x had insufficient knowledge of Danish 
x had fractures, dislocations, amnesia or unconsciousness in relation to the 
accident (WAD4 hereby excluded) 
x had injuries other than the whiplash injury or displayed no symptoms (WAD0 
hereby excluded) 
x had significant pre-collision physical or psychiatric disorder, significant self- 
reported pre-injury neck pain (during the preceding 6 months)  
x suffered from alcohol or drug abuse 
In total, 1,495 participants were assessed for eligibility. Among these, 740 joined the 
study, 200 declined, 7 were excluded due to protocol violations and 548 were 
ineligible (22.6% could not be examined within 10 days after the collision, 17.7% had 
injuries other than the whiplash injury) [83, 113]. 
Among the 200 subjects declining participation there were significantly more men 
than among the participants. The 55 subjects lost to follow-up did not differ from those 
completing the study with respect to gender but they were younger, more likely to be 
students or unemployed and more likely to report pre-collision unspecified pain. More 
detailed information on inclusion, exclusion and differences between groups has been 
published elsewhere [83, 113].  
Two randomized controlled trials (RCTs) were performed within the study population 
[40, 138]. The first study compared the effect of three intervention strategies after 
acute whiplash injury; immobilization, "act-as-usual" and active mobilization [40]. 
The second evaluated whether education of patients communicated by a specially 
trained nurse was superior to giving patients a pamphlet after whiplash injury [138]. 
As no significant differences on outcome measures (pain intensity, disability, and 
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capability to work) was observed in any of the trials, no further reference will be made 
to these RCTs. 
3.2 Study variables  
The main variables used in the articles included in this thesis are presented in table 2 
below.  
Table 2: Overview of studies; population, baseline information and outcome 
Study Data used Sample Main baseline information Outcome 
Study 1 HUNT2 and 
HUNT3 
Individuals with no 
whiplash 
Socio-demographic and 
health-related variables 
Chronic whiplash 
(developed) 11 years later 
Study 2 HUNT2 and 
HUNT3 
Individuals with 
whiplash 
Socio-demographic and 
health-related variables 
Chronic whiplash  
(non-recovery) 11 years later 
Study 3 Danish Pain 
Data 
Individuals with acute 
whiplash  
Health care and coping 
preferences 
Neck pain and capability to 
work one year later 
3.2.1 Outcome and grouping variable, study one and two; Chronic 
whiplash 
In the first two studies the outcome-variable was self-reported chronic whiplash. In 
HUNT2 and HUNT3 participants were asked: “Have you ever experienced a whiplash 
injury”. Participants also indicated their age at time of their last whiplash injury 
(HUNT2)/ their first whiplash injury (HUNT3). 
In study one, individuals who had not experienced whiplash in HUNT2 were followed 
in HUNT3 after 11 years. Individuals who reported whiplash in HUNT2 were 
excluded (n=899). In HUNT3, the n=30,008 participants who had reported no 
whiplash in HUNT2 were classified into those who had developed chronic whiplash 
and those who had not (see Figure 4). Chronic whiplash was defined as having 
experienced a whiplash injury more than 1 year ago (excluding individuals possibly 
still in the acute phase of injury) and reporting neck-pain.
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3.2.2 Variables potentially associated with outcome, study one and two 
All information on potential predictors was measured at baseline (HUNT2). In study 
one, information was therefore collected before the injury, in study two, information 
was collected in individuals with whiplash.  
Sociodemographic variables 
Information on gender, age and marital status was obtained for each participant. 
Participants were asked whether they currently received “sick pay”, “rehabilitation 
benefits”, “disability pension” or “unemployment benefits”.  The validity of self-
reported rehabilitation benefits [139] and disability pension [139, 140], has been found 
to be good, the validity of self-reported sick leave, somewhat lower [140-142]. For the 
analyses, “sick pay” and “rehabilitation benefits” were labelled “Short-term health 
related benefits” while “disability pension” was labelled “Long-term health related 
benefits”. 
Self-rated health 
Self-rated health/global health was evaluated by the question “How would you 
describe you present health?”. The response options were “very good”, “good”, “not 
all good” and “poor”. These were dichotomized into good (very good, good) and poor 
(not all good, poor). Self-rated health has been found to be a valid health measure 
appropriate for use in general health surveys [143].  
Somatic health 
Musculoskeletal complaints were measured using an instrument adapted from the 
Standardized Nordic Questionnaire (SNQ) [144]: Participants were asked if they had 
experienced musculoskeletal pain or stiffness for a minimum of three consecutive 
months during the last year, in any of the following areas: “neck”, “shoulders”, 
“elbows”, “wrists, hands”, “chest, abdomen”, “upper back”, “lower back”, “hips”, 
“knees” and/or “ankles/feet". The number of reported complaints was summarized for 
each individual in a count variable. 
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In study one pre-injury musculoskeletal complaints were investigated as potentially 
associated with developing whiplash. Neck pain was therefore included in the count 
variable for musculoskeletal complaints, giving a variable ranging from zero to ten. In 
study two, however, all participants had whiplash, and neck pain was used to define 
the whiplash group. Neck pain was therefore excluded from the count variable, giving 
a count variable ranging from zero to nine. 
Somatic symptoms/complaints were evaluated by asking to what degree participants 
had been bothered by “nausea”, “heartburn”, “diarrhea”, “constipation”, “palpitations” 
or “breathlessness” during the last year. Response options were “not bothered”, 
“bothered some” or “bothered a lot”. The last two categories were grouped together. A 
dichotomous variable was created, grouping individuals as reporting zero to two 
complaints or more than two complaints. 
Somatic diagnoses: Participants were asked to indicate whether they suffered from or 
had suffered from certain somatic diseases; “cardiac infarction”, “angina pectoris”, 
“stroke”, “asthma”, “diabetes”, “osteoporosis”, “fibromyalgia”, “arthrosis”, 
“spondylarthritis”, “other musculoskeletal disorder” or “epilepsy”. Positive responses 
were counted for each participant. 
Mental health 
Symptoms of anxiety and depression were evaluated using the Hospital Anxiety and 
Depression Scale (HADS) [145]. HADS is a widely used self-report questionnaire 
considered valid for both clinical settings and the general population [146-148]. The 
scale can be divided into one anxiety subscale (HADS-A) and one depression subscale 
(HADS-D), each containing seven items. In this study, two dichotomous variables 
were created, one for depression and one for anxiety, using the recommended cut-off 
of eight (>=8) [147, 148]. When using this cut-off, the sensitivity and specificity of 
both subscales are about 0.8 [148].  
Participants not responding to items on any of the scales were excluded from the 
analyses. Participants responding to items on anxiety but not answering for depression 
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were classified as having no depression. Participants responding to items on 
depression but not answering for anxiety were classified as having no anxiety.  
In study one comorbid anxiety and depression was investigated. A new variable was 
constructed and individuals reporting a HADS-score of eight or higher on both 
depression and anxiety in HUNT2 were classified as having comorbid anxiety and 
depression. 
Health-related behavior 
Smoking: Based on the question “Do you smoke cigarettes/cigars/pipe daily?” 
participants were grouped as smokers or non-smokers.  
Alcohol consumption: Amount of alcohol consumption was assessed using two 
questions: “Do you abstain from alcohol?” and “What is your normal consumption of 
alcoholic beverages over a two week period?”. Participants not giving information on 
amount of alcohol were set as having no consumption if they reported to abstain from 
alcohol. As in previous studies [149] a cut-off value of 15 units was used and 
participants were grouped as having “no consumption”, “moderate consumption”, or 
“high consumption”.  
Physical activity: Participants were asked how often, and for how long, they engaged 
in both light and intense leisure-time physical activity. A dichotomous variable was 
created, grouping individuals performing physical activity and those not. 
Use of health-services and medications 
Participants were asked if they had visited a “general practitioner (GP)”, “company 
physician”, “doctor at hospital”, “other doctor”, “physiotherapist”, “chiropractor”, 
“homeopath” or a “other treatment provider (naturopath, reflexologist, healer, psychic 
etc.)” during the last year. They were also asked whether they had been admitted to the 
hospital during the last five years. A count-variable was created, displaying the total 
number of different health-services visited for each individual.  
Participants were asked how many months during the last year they had used different 
medications and supplements; “cod-liver”, “medications for allergy”, “pain-killers”, 
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“asthma medication”, “heart medication”, “anti-depressants”, “iron-supplements”, 
“sedatives”, “sleeping-pills”, “vitamin-D” and “others”. A count-variable was 
constructed, representing the total number of medications used for at least one month 
for each individual. Individuals not answering were classified as not using 
medications. 
3.2.3 Outcome variables, study three; Neck pain and capability to work 
In study three, individuals with complaints of acute whiplash were recruited from 
emergency units and GP's after whiplash accidents. Therefore, no self-reported 
information on whiplash accidents was needed. At follow-up twelve months later, two 
outcomes, neck pain and capability to work, were measured.  
Neck pain 
Participants were presented with the statement: “This is your assessment of your 
average neck pain the last week” and could rank their pain on a visual analogue 11-
point box scale. Zero represented no neck pain and ten the worst imaginable pain. 
Capability to work 
During the last month of the follow-up year patients were asked to register days with 
sick leave or reduced working hours due to the accident in a calendar [40]. As in 
previous research [83] a dichotomous variable was created, dividing individuals with 
unaffected work capability from individuals reporting reduced work capability due to 
whiplash.   
The follow-up questionnaires were completed by 672 participants of whom 529 
responded to the outcome neck pain (overall response rate: 78.7%). The response rate 
was higher for work capability (n=651, overall response rate: 96.9%), as non-
responders were contacted by phone and asked about this specific item [83].  
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3.2.4 Variables potentially associated with outcome, study three 
Sociodemographic variables 
Information on age, gender and education was obtained for each participant. Education 
was assessed as a dichotomous variable, grouping individuals having completed 
compulsory education only and individuals with higher education. 
Collision related factors; speed difference and extent of damage to car 
Participants reported estimated speed of the two cars involved. As in previous research 
[83, 113], the speed categories for each car was 0, 0-30, 30-80, 80-110 and 110 km/h 
or more. From this information, estimated speed-difference of the cars (delta speed) 
was calculated.  
Participants also rated the extent of damage to the car as 0-30%, 30-50%, 50-80% or 
80-100%. From speed difference and % damage to car, a dichotomous variable was 
created; “Not severe collision” and “Severe collision”. If the speed difference 
exceeded 30 km/h this was defined as a risk factor, as was 50% or more damage to the 
car. Individuals were only grouped in “Not severe collision” if they were neither at 
risk in terms of delta speed or extent of car damage. 
Neck pain at baseline 
Neck pain at baseline was investigated using the statement: “This is your assessment 
of your average neck pain since the accident”. Participants were asked to indicate their 
level of neck pain on a visual analogue eleven-point box scale where zero represented 
no neck pain and ten the worst imaginable pain, the same scale used when 
investigating neck pain as an outcome. 
Coping and health care preferences 
At baseline participants were presented with a list of 13 health care and coping 
preferences and were asked to indicate which options they believed could help them 
get better. The options provided were: 
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x Keep living as normal 
x Changing lifestyle 
x Changing diet 
x Taking it easy 
x Sickness absence 
x Taking medications 
x Being referred to a specialist 
x Further medical investigations  
x Being referred to a physiotherapist/chiropractor 
x Surgery 
x Being referred to a psychologist 
x Talking to a doctor about symptoms 
x Having a doctor explain what is wrong 
 
For each coping preference participants could indicate: “right”, “mostly right”, 
“mostly wrong”, “wrong” and “cannot answer”. A dichotomous variable was created 
for each option, grouping “right” and “mostly right” as “agreeing” and “mostly 
wrong” and “wrong” as “not agreeing”. Participants could indicate multiple 
preferences, so the groups are not mutually exclusive. 
The coping preferences were grouped as active preferences (“keep living as normal”, 
“changing lifestyle” and “changing diet”) and passive preferences (“taking it easy”, 
“sickness absence”, “taking medications”, “being referred to a specialist”, “further 
medical investigations”, “being referred to a physiotherapist/chiropractor”, “surgery”, 
“being referred to a psychologist”, “talking to a doctor about symptoms” and “having a 
doctor explain what is wrong”). The items “surgery”, “change of diet”, “being referred 
to a psychologist”, and “having the doctor explain what is wrong” were not used in the 
final analyses. The item “having the doctor explain what is wrong” was excluded as it 
was largely overlapping with the item “talking to a doctor about symptoms”. The other 
three items were excluded due to too low n for meaningful analyses (n=10, n=43, n=28 
respectively). 
Grouped as active coping preferences 
Grouped as health  
care and passive coping 
preferences 
 49
The list used to assess coping and health care preferences in this study is not part of 
any validated coping instrument. It does, however, contain items similar to those used 
in other inventories, for instance the Vanderbilt Pain Management Inventory (VPMI) 
[108]. Multiple validated measures have been used to evaluate coping in whiplash, for 
instance the Coping Strategies Questionnaire (CSQ) [76, 114, 116] and the 11-item 
[111] and 18-item VPMI [115]. Most of these instruments, however, contain a high 
number of items. Coping has been found important in whiplash when using complex 
measures, also in the data applied in this study, using the 31-item CSQ [113]. As it 
might be difficult to prioritize complex and time-consuming screening tools in primary 
care, we aimed to determine whether simpler measures are associated with outcome 
after whiplash. Also in contrast to most instruments and previous research, we evaluate 
coping and health care preferences, not actual coping.
3.3 Handling missing data 
In study one and two listwise deletion was used to handle missing data. Where nothing 
else is stated under description of the variables above, individuals not answering were 
excluded from the sample (see Figure 5).  
In study one, missing data was also handled using multiple missing imputation in Stata 
11 [150]. Five new datasets were created using the mi impute command, with the mvn
parameterization, indicating arbitrary missing pattern. The analyses investigating the 
associations with whiplash were run in each of the new datasets, and the results were 
combined to produce estimates and confidence intervals. As the findings did not differ 
substantially between the original and the imputed datasets, findings from the original 
set are presented in the article. 
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Figure 5: Individuals included and excluded (due to missing information), in 
study one and study two. Adapted from study one [151] and two [152], reprinted 
with permission
 
3.4 Study design 
All three studies included in this thesis are longitudinal. In study one the baseline 
information was collected before the whiplash accident. The accident could therefore 
not affect the reported baseline information, and the study is said to be prospective. At 
baseline in study two and three, the whiplash accident had already happened, and will 
therefore affect the baseline report. However, all individuals studied have experienced 
a whiplash accident, and as the associations of interest are between characteristics in 
individuals with (acute) whiplash and outcome (recovery/neck pain/reduced capability 
Individuals participating in 
HUNT2 and HUNT3, 
N=33,117
Questions on chronic whiplash, 
n=68 excluded
Questions on somatic and mental 
health
n=30 excluded
Questions on use of health 
services, 
n=19 excluded
Questions on socio-
demographics
n=67 excluded
Questions on health-related 
behavior
n=85 excluded
Study population
n=630
Reporting whiplash in HUNT-2,,
n=899
Questions on chronic whiplash, 
n=5,006 excluded
Questions on somatic and mental 
health
n=700 excluded
Questions on use of health 
services, 
n=668 excluded
Questions on socio-
demographics
n=2,328 excluded
Questions on health-related 
behavior
n=3,616 excluded
Study population
n=20,799
Individuals participating in 
HUNT2 and HUNT3, 
N=33,117
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to work), these studies can also be said to be prospective. Prospective studies have the 
advantage of collecting the information on exposure before the outcome, thus avoiding 
the risk of outcome affecting the recording of exposure, for instance by influencing 
recall [132]. 
3.5 Statistical analyses 
3.5.1 Statistical analyses, study one
Baseline characteristics (HUNT2, before the injury) were compared between 
participants reporting chronic whiplash in HUNT3 and those not, using Pearson's chi-
squared test and independent samples t-tests. Logistic regression analyses [153] were 
used to examine the relationship between baseline variables and subsequent chronic 
whiplash10, and odds ratio (OR) estimates were produced. Precision of the estimated 
associations were assessed by 95% confidence intervals (CI).  
Potential confounders like female gender, age, marital status and receipt of benefits 
were taken into account. To be a confounder, a variable must (necessary but not 
sufficient characteristics) [154]:  
1. be associated with the exposure 
2. be associated with the outcome 
3. not lie on the causal pathway between exposure and outcome 
In this study, most potential confounders were unassociated with outcome, and only 
results from crude analysis were presented.  
As mentioned above, missing information was handled using listwise deletion and 
multiple missing imputation. All analyses were conducted using Stata 11 [150]. 
                                              
10 Considering the regression function E(Y|X=x), the dependent variable Y is here chronic whiplash (developed versus not 
developed), the independent variable X is the potential predictive factors measured at baseline, pre-injury. 
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3.5.2 Statistical analyses, study two 
Using Pearson’s chi-square tests and independent samples t-tests, characteristics 
reported at baseline (HUNT2) were compared between individuals recovered (n=431) 
and individuals still suffering from chronic whiplash (n=199) in HUNT3. Logistic 
regression analyses were used to examine the relationship between baseline variables 
(HUNT2) and non-recovery (HUNT3)11, and OR estimates were produced. The 
precision of the estimated associations were indicated by 95% confidence intervals 
(CI).  
As in study one, as most potential confounders were unrelated to recovery, only crude 
estimates were presented. Missing information was handled using listwise deletion. 
The analyses were conducted using Stata11 [150]. 
3.5.3 Statistical analyses, study three 
Participants’ mean level of neck pain at follow-up was calculated, as was the 
percentage reporting reduced capability to work. Multiple regression models were 
used to investigate whether coping preferences at baseline were associated with 
outcome at follow-up. To avoid over-fitting, the number of parameters in a linear 
regression model should not exceed N/15. In this study 529 individuals responded to 
the item on neck pain at follow-up, giving at most 529/15§35. In a logistic regression 
model, 10 to 15 cases for each explanatory parameter should be estimated [155]. In 
this study 98 individuals reporting reduced capability to work at follow-up, giving 
between at most 98/10§10 and 98/15§7 parameters. 
As neck pain was a continuous variable, linear regression analyses were used for 
analyzing this outcome. For the dichotomous variable work capability, logistic 
regression analyses were used. The selection of potential explanatory variables was 
made a-priori, based on our hypotheses build upon rational, theoretical choices and 
previous research [19, 32]. Analyses were adjusted for socio-demographic variables 
                                              
11 Considering the regression function E(Y|X=x), the dependent variable Y is here chronic whiplash (recovered versus non-
recovered), the independent variable X is the potential predictive factors measured at baseline, post-injury. 
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(age, gender, education), neck pain at baseline and accident severity, all in a linear 
fashion. Multiple linear regression analyses were used for neck pain and multiple 
logistic regression analyses for capability to work.  
Bonferroni’s method of taking multiple testing into account was used [156]; the 
required p-value of 0.05 was divided by number of regression analyses (20). Results 
presenting a p-value below 0.0025 were considered to be statistically significant.  
Assumptions regarding the linear regression model were assessed by means of 
regression diagnostics: To investigate model fit of the logistic regression model, the 
Hosmer-Lemeshow fit statistic was used [157]. For discrimination the area under the 
Receiver Operating Characteristic curve12 was evaluated [159, 160]. Distribution of 
residuals was assessed by inspection of a series of scatter plots of residuals and each of 
the explanatory variables and of residuals and fitted values. Histograms and QQ-plot 
was inspected to assess normality of the residuals. None of the plots gave rise to 
concern. 
The analyses for study three were conducted using Stata12 [161].  
                                              
12 Receiver Operating Characteristics curve (ROC) is a plot of sensitivity against 1-specificity. The name is derived from the 
curve’s original use in radar signal detection. The ROC curve can also be used to quantify how well a predictor based on a 
number of variables (e.g. based on the linear predictor from a logistic regression model) discriminated between individuals 
with and without a certain outcome. (158. B. R. Kirkwood, J.A.C.S., Essential Meical Statistics, Chapter 36. 2003, Blackwell 
Science. p. 432-433.) 
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3.6 Ethics 
The HUNT2 and HUNT3 surveys were both approved by the Regional Committees for 
Medical and Health Research Ethics (REC) and the Norwegian Data Inspectorate. 
Written consent was obtained from all participants. For study one and two no new 
information was gathered, no new participants were recruited and there was no 
communication between researchers and participants. Both study one and two were 
approved by REC (2012/788/REK) and the HUNT research committee. The projects 
were conducted in line with the Helsinki II declaration. 
Upon data-collection for study three, patients signed a written consent. The study was 
approved by the local ethical committees and conducted in accordance with the 
Helsinki II declaration.  
In all three studies, data used was anonymous, and no individual person could be 
identified.  
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4. Results 
Results from the three articles will be only briefly presented here. For further details, 
please refer to study one, two and three printed at the back of the thesis.  
4.1 Factors associated with development of chronic whiplash, 
study one 
Outcome; chronic whiplash: Among the 20,799 individuals reporting no whiplash in 
HUNT2, 199 (1.0%) developed chronic whiplash during the eleven year follow-up 
period.  
Socio-demographic variables: Age and gender did not affect the risk of developing 
chronic whiplash. Compared with being married, being separated or divorced 
increased the risk of subsequent chronic whiplash by approximately 54%. Individuals 
who received short term health-related benefits were at increased risk of developing 
chronic whiplash whereas long-term health related benefits and unemployment 
benefits were unassociated with outcome 
Health-related variables: In general, individuals reporting chronic whiplash in HUNT3 
reported worse health at baseline (HUNT2) than those not developing chronic 
whiplash. The strongest risk factor for developing chronic whiplash was poor self-
rated health at baseline (OR=2.26, p<0.001). Musculoskeletal pain (OR=1.21, 
p<0.001), somatic complaints (OR=2.09, p<0.001), anxiety (OR=1.93, p<0.001) and 
comorbid anxiety and depression (OR=2.06, p=0.003) were also significantly 
associated with subsequent chronic whiplash. Depression was borderline significant 
(OR=1.53, p=0.050). Individuals who reported to have been kept from working due to 
pain were at risk of developing chronic whiplash (OR=2.31, p<0.001). 
Individuals who used many different medications/supplements and visited a high 
number of health-care services at baseline had significantly higher risk of subsequent 
chronic whiplash; individuals who developed chronic whiplash reported more visits to 
their GP, hospital doctors, physiotherapists, alternative therapists and more hospital 
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admissions at baseline. This group also used significantly more analgesics and 
sedatives and more medications for allergies and asthma. The odds of subsequent 
chronic whiplash increased alongside number of health-services visited and number of 
medications used (see Figure 6).  
Individuals who were physically active at baseline, had reduced risk of developing 
chronic whiplash (p=0.009). Alcohol consumption and smoking were unassociated 
with outcome.  
Figure 6: Association between use of health services and use of medications at 
baseline and subsequent chronic whiplash (odds ratio (point estimate and 
95%CI)). Adapted from study one [151], reprinted with permission
4.2 Factors associated with non-recovery from whiplash, study 
two 
Outcome; non-recovery: Among the 630 individuals reporting whiplash in HUNT, 199 
(31.6 %) still reported whiplash in HUNT2, while 431 had recovered.  
Socio-demographic variables: Female gender increased the risk of still reporting 
chronic whiplash in HUNT3 (OR=1.50, p=0.018). Compared to being married, being 
separated or divorced also increased the risk (OR=1.90, p=0.015). Age and receipt of 
benefits were not significantly associated with outcome.  
Health-related variables: Poor self-rated health at baseline was the strongest risk factor 
for non-recovery, with an OR=3.12, p<0.001. Symptoms of anxiety also increased the 
risk substantially (OR=1.70, p=0.007) while symptoms of depression were 
0
1
2
3
4
5
6
7
8
9
1 2 3 4 5 6
OR
Number of visits to health services
0
1
2
3
4
5
6
7
8
9
1 2 3 4 5 6
OR
Number of medications used
 57
unassociated with outcome. Somatic complaints (OR=2.38, p<0.001), musculoskeletal 
pain (OR=1.21, p<0.001) and comorbid somatic diagnoses (OR=1.26, p=0.021) 
increased the risk of non-recovery.  
Individuals who visited multiple different health-care services (OR=1.18, p=0.003) or 
used a high number of medications (OR=1.24, p<0.001) were also at risk of non-
recovery from chronic whiplash. Alcohol consumption, smoking and physical activity 
were unassociated with outcome. 
4.3 The prognostic importance of health care and coping 
preferences, study three 
Outcome; neck pain and capability to work: Twelve months post-injury, the mean 
level of reported neck pain was 2.92 (95%CI: 2.66-3.18, range 0-10). Reduced 
capability to work was reported by 98 participants (15.1%).  
Health care and coping preferences: At baseline, almost all participants (91.0%) 
reported that they wanted to “keep living as normal”. However, only 10.8% reported 
“keep living as normal” as their only preference – most individuals reported other 
preferences as well. Participants commonly believed that “being referred to a 
physiotherapist/ chiropractor” (62.3%), “talking to a doctor about symptoms” (54.3%), 
“taking it easy” (44.5%) and “further medical investigations” (36.6%) could be 
helpful. For more details on reported preferences, see table 3 below.  
Both outcome measures were significantly associated with multiple health care and 
coping preferences, as detailed in Table 3. Neck pain was most strongly associated 
with “taking medications” (mean difference =1.24, p<0.001) and “sickness absence” 
(mean difference=1.18, p<0.001). Preferring “being referred to a physiotherapist/ 
chiropractor” was also associated with neck pain at follow-up (mean difference=0.65, 
p=0.040). 
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Table 3: Treatment and coping preferences (n=740); number of participants 
reporting each preference, and the associations between coping and health care 
preferences and neck pain and reduced capability work, fully adjusted models, 
adapted from study three [162]
 
 
 
Patients 
agreeing 
n (%) 
Neck pain, linear 
regression 
Mean difference 
(95%CI))  
p-values Reduced 
capability to 
work, logistic 
regression 
OR (95%CI)) 
p-values 
Active coping preferences      
     Keep living as normal 673 (91.0) -0.55 (-1.82-0.72) 0.393 1.23 (0.27-5.59) 0.786 
     Keep living as normal – only** 80 (10.8) -1.62 (-2.39- -0.84) <0.001* 0.09 (0.01-0.64) 0.017 
     Changing lifestyle 63 (8.5) -0.46 (-1.39-0.46) 0.323 0.11 (0.01-0.78) 0.028 
Passive coping preferences, including 
health care  
     
     Taking it easy 329 (44.5) 0.44 (-0.08-0.96) 0.096 1.62 (0.99-2.67) 0.057 
     Sickness absence 144 (19.5) 1.18 (0.53-1.82) <0.001* 3.05 (1.80-5.17) <0.001* 
     Taking medications 181 (24.5) 1.24 (0.67-1.82) <0.001* 3.53 (2.13-5.86) <0.001* 
     Being referred to a specialist 214 (28.9) 0.47 (-0.14-1.08) 0.127 1.98 (1.15-3.41) 0.014 
     Further medical investigations 271 (36.6) 0.03 (-0.52-0.58) 0.918 1.53 (0.93-2.53) 0.097 
     Talking to a doctor about symptoms 402 (54.3) 0.08 (-0.45-0.61) 0.771 1.45 (0.86-2.44) 0.160 
     Being referred to a  
     physiotherapist/chiropractor
461 (62.3) 0.65 (0.03-1.28) 0.040 3.03 (1.33-6.91) 0.008 
 
Adjusted for socio-demographic variables (Age, gender, education (dichotomous variable)), neck pain at 
baseline and accident severity (dichotomous variable) 
Statistically significant associations marked in bold 
*significant also after Bonferroni correction (p<0.0025) 
**Individuals reporting wanting to keep living as normal – and no other preferences 
Mean difference: Indicating the preference was associated with a x higher mean level of neck pain 
 
Reduced working capability was most strongly associated with “taking medications” 
(OR=3.53, p<0.001), “sickness absence” (OR=3.05, p<0.001) and “being referred to a 
physiotherapist/chiropractor” (OR=3.03, p=0.008). Preferring referral to a specialist 
also raised the risk of reduced capability to work at follow-up (OR=1.98, p=0.014).   
The preferences “taking it easy”, “talking to a doctor about symptoms”, “further 
medical investigations” and “keep living as normal” were not associated with neither 
neck pain nor reduced work capability at follow-up. However, reporting “keep living 
as normal” as the only preference was protective, both with regards to neck pain (mean 
difference=-1.62, p<0.001) and reduced work capability (OR=0.09, p=0.017). 
Participants who believed that a change of lifestyle could make them better, were 
protected against reduced work capability at twelve months (OR=0.11, p=0.028). 
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After Bonferroni correction for multiple testing, preferring sickness absence and 
medications remained significant risk factors of both neck pain and reduced work 
capability at follow-up. Preferring to “keep living as normal” only remained protective 
against neck pain.  
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5. Discussion 
5.1 Summary of findings 
In short, the three studies in this thesis show that 
1. Poor pre-injury health, both mental and somatic, is associated with increased 
risk of developing chronic whiplash (study one). Similar health complaints 
reported among individuals with whiplash are associated with non-recovery 
from the condition (study two).  
2. A high use of health care services and medications before the injury is 
associated with increased risk of developing chronic whiplash (study one). High 
use of health care and medications among individuals with whiplash is 
associated with non-recovery (study two). 
3. Patients` coping preferences in the acute phase after whiplash injuries are 
associated with outcome in whiplash (study three). Reporting need of health 
care and passive coping preferences increase the risk of neck pain and reduced 
capability to work one year later. Individuals who prefer active coping and want 
to keep living as normal have a better prognosis. 
 
5.2 Interpretation of findings 
Neck pain in the general population 
Globally, neck pain is the fourth most common cause of YLDs [1]. In the adult 
population, 12-month prevalence estimates range from 30% to 50% (Results of the 
Bone and Joint Decade 2000–2010 Task Force on Neck Pain and Its Associated 
Disorders) [163]. In Norway, more than 30% of adults report neck pain within the last 
year and 14% report neck pain lasting for more than six months [164].  
The development of chronic pain after whiplash must be interpreted in the light of the 
high prevalence of pain in the general population. This is highlighted in a study from 
Lithuania [165]: among individuals who had experienced whiplash, neck pain was 
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reported by 35% and headache by 53% (one to three years post-injury). In age- and 
sex-matched controls, neck pain was reported by 33% and headache by 50%. This 
might indicate that the prevalence of neck pain does not vary as much between 
countries as does the prevalence of attribution of neck pain to a whiplash accident. The 
importance of attribution is further discussed below.  
The prognostic importance of sociodemographic factors and health related 
behavior
In this thesis, age was unassociated with both development of chronic whiplash and 
non-recovery. Female gender was unassociated with development of chronic whiplash, 
but associated with non-recovery. As discussed above, findings on the prognostic 
importance of age and gender in whiplash vary in the literature [53, 72].  
The lacking prognostic importance of age and gender found for chronic whiplash in 
this thesis, stands in contrast to findings from other musculoskeletal conditions. For 
instance, the prevalence of neck pain in general peaks in the middle ages [163], and 
the prevalence of back pain and chronic widespread pain increases with higher age 
[166, 167]. Regardless of etiology, neck pain in the general population is more 
common in women than men [163], and in girls than boys [168]. Indeed, the 
prevalence of most common forms of pain, including chronic widespread pain [167], is 
higher among women than men [169]. There are multiple theories as to why women 
experience more pain then men, for instance women seem to display enhanced 
sensitivity to experimentally induced pain [169].  
Though not associated with development of chronic whiplash, gender was found 
associated with recovery in this thesis. This might be related to health care: There is 
evidence of gender differences in pain treatment [169], and physicians have been 
found to request more laboratory tests for males, while proposing nonspecific 
diagnoses and asking psychological questions more often when seeing women [170]. 
Further in depth discussion of gender differences in pain and pain treatment is beyond 
the scope of this thesis. 
 62
Unemployment benefits and long term health related benefits were found to be 
unassociated with outcome. Receiving short term health-related benefits was 
associated with development of chronic whiplash but not with non-recovery. 
Compared to married individuals, individuals that were separated or divorced were 
more likely to develop chronic whiplash and to experience non-recovery. This is (apart 
from the findings on unemployment and long term health related benefits) in line with 
findings from other musculoskeletal conditions. For instance, urban areas with a high 
rate of referrals to pain clinics have a higher proportion of single households with 
children and a higher percentage of people in need of benefits [171]. Socioeconomic 
differences seem to affect pain in all age groups; pain is found to be more common 
among children in families with low education and low income [172], and education, 
type of work and marital status seems associated with pain in aging employees [173]. 
As mentioned in the introduction, the prognostic importance of health behavior has not 
received much attention in the whiplash literature, and this thesis provides new 
evidence on such factors. Smoking and alcohol consumption was found to be 
unassociated with outcome. Individuals who were physically active before the accident 
were less likely to develop chronic whiplash, while non- recovery was unassociated 
with physical activity. Research on pain unrelated to whiplash has found smoking to 
increase the risk of both sciatic, back and neck pain [174, 175], while exercise and 
alcohol consumptions has been found unassociated with back and neck pain [174].   
The prognostic importance of pre-collision somatic and mental health 
In this thesis, pre-injury somatic health (both somatic and musculoskeletal complaints) 
was found to be associated with development of chronic whiplash as well as non-
recovery. Previous research has found pre-injury pain to be associated with outcome 
[31, 34, 44, 79], but (as discussed above) findings are inconsistent, and reviews have 
reached different conclusions [19, 32, 53]. 
Symptoms of anxiety were also found to be associated with development of chronic 
whiplash and non-recovery. Depression was borderline significantly associated with 
development of chronic whiplash, but unassociated with recovery. Some previous 
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studies have found pre-injury mental health to be associated with outcome in whiplash 
[69, 84], others have not [79]. 
The findings from this thesis indicate that individuals with poor mental (symptoms of 
anxiety) and somatic health are at increased risk of developing chronic whiplash. One 
explanation for this could be that individuals with poor health are more likely to 
experience car accidents, for instance due to concentration problems or because they 
are less watchful and vigilant in traffic (due to the disease itself, or due to 
medications). In study one, individuals developing chronic whiplash reported a higher 
use of medications at baseline, and use of sedatives was associated with development 
of chronic whiplash. However, as most whiplash accidents are rear-end car collisions, 
reduced concentration and attention of the victim might not be a satisfactory 
explanation for the increased risk. Also, individuals with chronic whiplash have been 
shown to be safe divers in experiments [176]. In study two, physical and mental health 
as well as use of medications (analgesics and asthma medications) was associated with 
non-recovery among individuals who already had whiplash, an association that 
increased risk of experiencing a car accident cannot explain.  
The prognostic importance of pre-injury health might be an expression of vulnerability 
for chronic pain; some individuals might be more likely to experience pain and other 
symptoms both before and after car accidents. This theory is supported by a study 
from 2006, where individuals high in somatic awareness (as measured by the modified 
somatic perceptions questionnaire (MSPQ)) were at increased risk of persistent 
symptoms [34]. The importance of somatic awareness is further supported in this 
thesis as subjective, global health was found to be more strongly associated with 
outcome than reported symptom load. One might hypothesize that the collision can be 
a trigger for predisposing factors to ignite the development of health disabilities.  
The importance of anxiety might be understood in relation to processes of attribution 
and fear avoidance: Attributing symptoms to an accident can make them seem more 
serious and troublesome [177, 178]. Anxiety related to causal beliefs, as well as fear 
avoidance, might contribute to continued experience of symptoms after whiplash 
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[179]. Attribution is discussed in more depth below. Further, the collision and related 
anxieties might function as stressors, throwing the body out of allostatic balance and 
activating stress responses [180]. Prolonged stress can potentially lead to fatigue, 
reduced function of the immune system, depression as well as altered perception of 
pain [180, 181]. A further in depth discussion of stress and pain is beyond the scope of 
this thesis.  
Poor psychological health is a risk factor for neck pain unrelated to whiplash [163]. In 
general, physical symptoms seem associated with both anxiety and depression [182], 
and especially individuals with symptoms that remain medically unexplained after 
initial evaluation are at increased risk of both depression and anxiety [183]. Why 
depression seem to be of less importance in whiplash than other musculoskeletal 
conditions could not be investigated in this thesis, but is an interesting topic for further 
research.  
Many studies investigating the prognostic importance of pre-injury health are based on 
post-injury reporting [34, 49, 76, 85]. The findings might therefore be complicated by 
recall and report bias. Individuals with continued pain after motor vehicle accidents 
have been found to underreported pre-injury pain symptoms [86]. A study 
investigating individuals with back pain after whiplash found that 52% had a history of 
back pain [87]. Of these, 27% did not report previous pain when asked, but the pain 
history was noted by GP’s or specialists. Among the individuals that reported their low 
back pain to be caused by the accident, 41% of females and 54% of males had a 
history of previous back pain [87]. Individuals with continued pain after whiplash 
accidents have also been found to underreport pre-injury psychological distress [86]. 
Underreport of pre-injury health problems seems strongest in individuals perceiving 
the accident as someone else`s fault and in individuals filing compensation claim [86]. 
In Saskatchewan, Canada, individuals claiming in a tort13 system were more likely to 
                                              
13 Under the tort system used in Canada up to January 1995, individuals injured in motor vehicle collisions could sue for pain 
and suffering. This possibility was eliminated with the change to a no-fault system (128. Cassidy, J.D., L.J. Carroll, P. Cote, 
M. Lemstra, A. Berglund and A. Nygren, Effect of eliminating compensation for pain and suffering on the outcome of 
insurance claims for whiplash injury. N Engl J Med, 2000. 342(16): p. 1179-86..)   
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report never having experienced neck pain before the injury than individuals claiming 
in a no-fault system [128]. In Norway a history of neck pain was found in reports from 
doctor or physiotherapist - but not mentioned and partly denied by the patients - in 
eight of 27 cases submitted for assessment of medical invalidity after traffic accidents 
[184]. These findings highlight the importance of investigating pre-injury health in 
prospective studies unrelated to compensation processes.  
The prognostic importance of use of health care and medications 
In study one, visiting more health care services and using more medications were 
associated with development of chronic whiplash. In study two, increased use of health 
care services and medications was associated with lower likelihood of recovery. A 
high use of medications and health care services might solely be the result of poor 
health, thereby merely expressing the association between poor health and adverse 
outcome after whiplash. However, in study three, individuals reporting that they 
wanted to see a physiotherapist or take medications after the accident were at 
increased risk of both neck pain and reduced capability to work - also after adjusting 
for accident severity and baseline neck pain.  
In addition to reflecting the health situation, health care use might be a separate risk 
factor for poor recovery. In pain patients (not related to whiplash), iatrogenic factors 
such as over-investigation, inappropriate information and advice, misdiagnosis, over-
treatment and inappropriate prescription of medication are common [185]. Clinicians 
who promote frequent visits might unwittingly encourage patients to cope passively 
with their pain [186]. Multiple studies have shown that high use of health care after 
whiplash accidents is associated with both development of symptoms and delayed 
recovery [19, 151, 152, 187, 188]. Even after controlling for injury severity and pre-
and post-injury pain, individuals with low utilization of health care recover faster 
[186]. This will be further discussed under Treatment. A high use of health care and 
medications can also bee seen as a passive way of coping. Coping is discussed further 
below. 
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The prognostic importance of coping preferences 
In study three, participants preferring passive coping strategies were at increased risk 
of both neck pain and reduced capability to work at follow-up. As discussed above, 
several studies have found passive coping to be associated with an adverse prognosis 
[76, 110-112]. A study based on the data used in study three in this thesis also found 
coping to be important for outcome; individuals with high scores on “distraction”,  
“reinterpretation” and “catastrophizing” at three months were at increased risk of 
considerable neck pain twelve months after the accident [113].  
The findings from this thesis add to previous research as information on coping 
preferences was collected within ten days post-accident. Most previous studies have 
collected data on coping at later time points [76, 110-113]. In study three of this thesis, 
coping preferences are not the result of living with chronic symptoms, or already 
having experienced certain coping options as beneficial or ineffective with regards to 
whiplash. Also, the risk of preferences already being affected by health services is 
reduced. Coping preferences were further measured before coping efforts had actually 
taken place. Most previous studies investigate coping methods currently used [74, 76, 
110-112], while study three investigates intentions to cope, or beliefs about what might 
be helpful.  
It seems likely that injury severity and baseline neck pain would be associated with 
both coping preferences and recovery. As described above, pre-injury physical, mental 
and self-rated health, as well as use of health care and medications, are associated with 
recovery. Individuals with poor pre-injury health might be more likely to indicate need 
of health care after whiplash accidents due to experience and expectations. Some of 
the associations found in this study could thus be explained if individuals with better 
pre-collision health are more likely to recover and less likely to indicate the need of 
health services. To account for this potential confounding, analyses were adjusted for 
baseline pain and accident severity. Preferring sickness absence, taking medications 
and being referred to a physiotherapist/chiropractor or a specialist remained 
significantly associated with outcome after adjustment, indicating that coping 
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preferences not only reflects a more severe injury. This is supported by previous 
findings [112]. 
Patients’ initial coping preferences might be affected by personal and psychological 
factors. In whiplash [76, 105-107] as well as in other conditions [11, 104], 
expectations are associated with outcome. Individuals with negative illness perceptions 
[189] and catastrophizing [32, 116, 117, 119-121] are more likely to develop chronic 
symptoms after whiplash accidents. Individuals expecting and fearing whiplash to 
have lasting consequences might also be more likely to feel the need of health care.  
The importance of expectations has been studied in whiplash, under the bio-psycho-
social model, a model recognizing that both physical, psychological and social factors 
might affect the presentation of somatic symptoms [62]. As discussed above, studies 
from different countries report very different outcomes after whiplash; in some 
countries like Lithuania [59], and Greece [58] chronic whiplash hardly occurs, in 
others, for instance Canada [46] and Norway [57], chronic complaints after whiplash 
are common. Research suggests that these prevalence differences might be related to 
lay people expectations of outcome after whiplash: Study participants were recruited 
from local companies in Canada, Germany, Lithuania and Greece. Individuals who 
had never experienced a whiplash injury and had no family member who had 
experienced such an injury were invited to participate. Participants were asked to 
report what symptoms they would expect to experience after a whiplash injury, and 
how long they believed each symptom would persist [36, 60, 61]. In all countries the 
expected symptoms resembled the symptom profiles reported in acute whiplash [36, 
60, 61]. However, the expected symptom duration varied; in Canada, around 50% 
anticipated symptoms to last for months or years, while in Germany [61], Greece [36], 
and Lithuania [60] few subjects expected any symptoms likely to persist. The authors 
argue that in some countries, a lack of expectation for persisting symptoms may in part 
determine a low prevalence of chronic whiplash. 
In study three, wanting to keep living as normal was unassociated with neck pain or 
capability to work. However, individuals reporting wanting to keep living as normal as 
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their only coping preference, were less likely to report neck pain and reduced 
capability to work one year later (the latter association not significant after 
Bonferroni’s correction for multiple tests). Most previous studies on whiplash have not 
found active coping to be protective [110-112], but for other pain patients, active 
coping seems associated with better psychological adjustment [108], and less 
depression and disability at follow-up [190].  
Coping styles have been suggested to affect recovery through issues of compliance and 
choice of therapy; individuals high in passive coping and low in active coping during 
the first week after the injury have been found to be more likely to take medications 
and less likely to attend active therapy [115]. In line with our results, this suggests that 
early passive coping preferences should be taken into account in clinical settings and 
in future intervention studies, as these may otherwise impede attempts to engage 
patients actively in treatment.  
Treatment
Finding effective treatment for chronic whiplash patients, as well as preventing 
patients with acute whiplash from developing chronic problems, has proven difficult 
[41]. The layperson impression of preferred treatment after whiplash might be the 
traditional whiplash neck collar, but already in 1995, the Quebeck Task Force stated 
that prolonged periods of rest and the use of collars might be detrimental to recovery 
[191]. A randomized treatment trial from 1998 showed that act-as-usual (act as usual, 
no neck collars or sick leave) gave better outcomes than immobilization (14 days of 
sick leave and neck collars) [192]. Similarly, active treatment (frequently repeated 
active submaximal movements) has been found more effective in reducing pain than 
initial rest, recommended use of a soft collar and gradual self-mobilization [193]. 
Further, individuals receiving psychological intervention in addition to physical 
therapy have higher return-to-work rates than individuals receiving physical therapy 
alone, with the most marked benefit seen among individuals with psychological risk 
factors [194]. A systematic review from 2001 gave the cautious conclusion that active 
treatment seems beneficial over passive treatment [195]. However, the quality of the 
studies included was low, and only three were of acceptable validity [195]. 
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A prospective study from 2008 found no difference in the rate of persistent neck-pain 
between a no-follow-up regimen (recommendations to act as usual only) and the 
multiple-follow-up regimen proposed by the Quebec Task Force (follow-up week one, 
three, six and twelve and at one year, with analgesics and physiotherapy in case of 
discomfort/stiffness) [31]. A more recent randomized controlled trial found that 
multidisciplinary treatment (medications, physiotherapy and seeing a psychologist 
according to individual presentation) did not give benefit over usual care (participants 
were free to pursue care from health practitioners of their choice or as monitored by 
the insurer, for instance care from general practitioners, physiotherapists or 
chiropractors) [196]. Individuals with acute whiplash do not recover faster when part 
of additional-exercise groups (compared to those with regular treatment) [114]. 
Further, in individual with acute whiplash, immobilization, “act-as usual” and 
mobilization have similar effects regarding prevention of pain, disability and 
capability to work (based on the same data used in study three of this thesis) [40]. Also 
in patients with chronic whiplash, treatment is difficult; individually tailored 
physiotherapy exercise programs do not reduce pain more than simple advice alone 
[197].  
These findings seen alongside the discussion above, indicates that treatment after 
whiplash in not only inefficient, but might actually increase the risk of poor recovery - 
rising fundamental questions on how to meet patients after whiplash accidents.  
Functional somatic syndromes 
Whiplash patients experience considerable symptom load without a clear pato-
biological explanation. Accident related factors and medical imaging are of limited 
prognostic importance while pre-injury health as well as coping preferences and 
expectations seem important for outcome. Following this, whiplash resembles, and has 
been suggested to be one of the wide range of conditions referred to as functional 
somatic syndromes (FSS) [178, 198]. Various names have been used for these 
conditions, for instance somatization, somatoform disorders and medically 
unexplained symptoms (MUS) [198]. In the following discussion, the terms functional 
somatic syndromes (FSS) will be used.  
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FSS are “characterized more by symptoms, suffering and disability than by disease-
specific, demonstrable tissue abnormality” [178]. Multiple chemical sensitivity, the 
Gulf war syndrome, chronic fatigue syndrome (CFS), irritable bowel syndrome and 
fibromyalgia (amongst others) have been proposed to be FSS [178, 198, 199]. Diffuse 
or non-specific complaints like fatigue, sleep difficulties, headache, nausea and other 
gastro-intestinal symptoms, muscle and joint pain as well as symptoms of anxiety and 
depression are often reported in FSS [178]. Such complaints are common also in the 
general population [163, 200, 201], and in primary-care medically unexplained 
symptoms (MUS) are more common than medically explained symptoms [202]. 
Different FSS have remarkably similar symptom profiles [198]. Symptoms typical for 
one condition are prevalent in others [203], and many individuals could be diagnosed 
with more than one condition [198, 204, 205]. As such the conditions categorized as 
FSS have many similarities which may be of importance when trying to understand the 
different conditions and develop adequate treatment. 
Gulf War Syndorome  
Lessons from one particular FSS, the Gulf War Syndrome, might be especially useful 
when considering chronic whiplash. Serving in the Gulf War has been found 
associated with increased symptom burden and decreased well-being. Symptoms like 
fatigue, headache, numbness [206, 207], post-traumatic stress, and limb weakness 
[206] are commonly reported, and Gulf War veterans report more somatic symptoms 
than veterans having served other places [206, 207]. The symptom profile is wide; out 
of a list of 35 symptoms, Gulf War veterans report 33 significantly more often than 
other veterans (list of 35 current and long-term symptoms from different body regions, 
e.g. fatigue, joint pain, headache, wheezing, diarrhea)  [207]. Despite the increased 
symptom report, no physical examination, laboratory, or serologic findings could 
identify Gulf War veterans [207], and pin pointing “what is wrong” is difficult [208]. 
Further, there is no evidence of increased disease related mortality among Gulf War 
veterans [209]. As in whiplash, the Gulf War Syndrome thus has a specific time of 
onset and a distinct exposure (though more long-lasting and multi-factorial than for 
whiplash) resulting in suffering and a wide symptom profile but few bio-pathological 
findings or explanations.  
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Attribution and other prognostic fators 
In the Gulf War syndrome, attribution has been proposed to be an important factor in 
the development and maintenance of chronic symptoms. When experiencing somatic 
symptoms, most people tend to search for external or environmental explanations for 
the symptoms, rather than search for attributions internal to oneself [210]. Thus, it 
might be natural for a returning citizen to attribute the novel symptom to war 
experiences, and for a whiplash victim to attribute it to the accident. Such attribution 
can make recovery less likely [211], potentially as symptoms caused by a specific 
injury or exposure can seem to the patient to have a more “sinister and irreparable 
underlying pathology” [177]. Attribution of symptoms might amplify them, making 
them seem more intense, noxious and troublesome [212]. It has been suggested that 
the more convinced patients are that their symptoms are serious and pathogenic, the 
more intense, prolonged and disabling the symptoms become [178]. The role of 
attribution in Gulf War syndrome is highlighted in a study showing that, among Gulf 
War veterans, the variable most strongly associated with believing one had Gulf War 
syndrome was knowing someone else with Gulf War syndrome [213]. Attribution also 
seems important in other FSS [211, 214]. For instance, patients with CFS attribute a 
wider range of everyday somatic symptoms to their disorder, and believe the 
consequences of their disorder to be more serious, than do individuals with the more 
clearly defined condition rheumatoid arthritis [215]. Also in whiplash attributions are 
believed to be of importance [62], and it has been argued that fear avoidance and 
illness beliefs might contribute to the chronic course [78, 179].  
In addition to attribution, factors like sensitization, attention [211], the belief that one 
is sick, negative expectations about the future course of the disease, the sick role and 
stressful events all seem to influence prognosis in FSS [178]. The negative 
consequences related to prolonged stress response might also be of importance, and for 
instance irritable bowel syndrome is thought to be associated with stress [180]. In FSS 
frequent testing and visits to doctors can provide little reassurance but heighten worry 
and anxiety [178]. Symptoms might be amplified by becoming a patient [179], and 
once a person is labeled as ill, he or she can be regarded and treated in ways that make 
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recovery more difficult [178]. These considerations support our findings and 
discussion on whiplash above.  
Further, somatic distress and medically unexplained symptoms are endemic to 
everyday life, and social and cultural characteristics of each era seem to shape the 
expression, interpretation and attribution of such symptoms [178]. In whiplash this 
might aid the understanding of the strongly varying incidence over time and between 
countries. 
Treating FSS 
Multiple treatment strategies have been proposed for FSS, and extensive research 
efforts are put into determining which might be effective. In CFS, cognitive behavioral 
therapy (CBT) [216, 217], graded exercise therapy (GET) [217-219], and adaptive 
pacing therapy (APT) [220] are proposed strategies. Challenging and changing 
fatigue-related cognitions, achievement and maintenance of a basic (and increasing) 
amount of physical activity, as well as planning rehabilitation (work or other) are 
central components of CBT in CFS [217]. GET aims to help the patient return to 
appropriate physical activities, to reverse deconditioning and reduce fatigue and 
disability [219]. APT is based on the theory of CFS being a condition with an 
irreversibly reduced and finite amount of energy. It aims to give optimum adaption to 
CFS, by helping patient plan and pace activity [220].  
A randomized trial from 2011 published in the Lancet investigated the effect of CBT, 
APT and GET compared to specialist medical care (providing explanation of the 
syndrome, advice to avoid extreme activity and rest, specific advice to self-help and 
symptomatic pharmacology (for insomnia, pain and mood)) on CFS [221]. Compared 
to specialist medical care alone, patients receiving CBT and GET had lower fatigue 
and higher functioning at follow-up one year later in the trial. ATP did neither reduce 
fatigue nor increase functioning. This might be due to ATP encouraging adaptation to 
the illness [220], while CBT and GET encourages gradual increase in activity with the 
aim of improving the condition [218]. Changes in beliefs about avoidance of activity 
and exercise have been shown associated with better outcomes in CFS [222].  
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How a psychological treatment such as CBT contributes to a physical improvement is 
not yet known, and though CBT and GET can lead to moderately improved outcomes 
in CFS [216, 217, 221], they cannot be said to be a cure; despite good outcomes with 
CBT, few patients cross the threshold for “normal” fatigue [216]. The failure of 
treatment to completely cure patients with FSS is a further addition to the similarities 
between chronic whiplash and FSS.  
5.3 Strengths and limitations 
5.3.1 Strenghts
Strenghts common for all three studies 
The major advantage of all three studies is the prospective follow-up design. The 
participants were asked about symptoms, thoughts and beliefs now, at multiple time 
points. The exposure was recorded before outcome, thereby avoiding problems related 
to recall-bias [132]. This might be particularly important when investigating the 
prognostic importance of pre-injury factors on outcome after whiplash accidents, as in 
study one; Previous research has shown that individuals with acute back or neck pain 
after motor vehicle accidents tend to under report pain symptoms, as well as drug and 
alcohol use, and psychological distress experienced before the injury [86]. 
All three studies have large sample sizes. The response rate in HUNT3 was only 
54.1% [134], but for HUNT2 it was higher (71.2%) [135]. The number of individuals 
participating in both HUNT2 and HUNT3 was high (n=33,117). In total, 57.9% of 
those participating in HUNT2 did also participate in HUNT3. The participation rate in 
HUNT3 did not differ between those reporting whiplash and those reporting no 
whiplash in HUNT2 (p<0.418). For the Danish Pain Data, participation rate was only 
49% (n=740), but only n=55 were lost to follow-up and the response rate for the 
outcome neck pain was 78.7% and for capability to work 96.9% [83]. These factors 
allow us to use multiple logistic and linear regression analyses to investigate predictors 
and to adjust for potential confounders. Still residual confounding cannot be excluded. 
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Strenghts specific to study one and two 
Norway is well-suited for large, medical surveys for several reason [223]. Firstly, 
Norway has a comprehensive and free health care system, minimizing differences in 
health care due to socioeconomic situation. Further, individuals born or living in 
Norway have a national identity number. This number contains information on birth 
date and sex, is unique to every citizen, and permits linkage between different 
registries and data files on the same person [223]. In HUNT2 and HUNT3 all 
questionnaires contained the participants’ national identity number [223]. Further, 
Norway and Nord-Trøndelag have a stable population, where people do not tend to 
move much, neither within the country nor out of it (net migration out of Nord-
Trøndelag 0.3% per year [135]), and a homogenous ethnic population [135, 223].  
Using self-reported information in a population-based sample enables investigation of 
all individuals considering themselves to be sufferers of whiplash. If participants were 
recruited from GP's or emergency rooms, as in study three, individuals not reporting to 
these services would not be included, and there would be a risk of only investigating 
the more severely ill patients or individuals with a tendency for help seeking. Other 
studies have included participants through insurance companies [30, 54, 128]. 
Symptom report and recovery after whiplash has been shown to be associated with 
insurance processes [34, 54, 75, 127]. As HUNT data was collected in no association 
to insurance or compensations, the risk of systematic differences related to such 
processes was reduced.  
 
The risk of symptom attribution and amplification of current symptoms was also 
reduced as the questions on symptoms were asked unrelated to the question on 
whiplash. The information was collected as part of a general health survey, with 
neither administrators nor participants being aware of any specific focus or hypothesis. 
Strenghts specific to study three 
As in Norway, health care in Denmark is free, reducing obvious selection bias due to 
socioeconomic differences also in study three.  
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For study three, individuals who visited GP`s or emergency rooms with neck pain after 
a recent whiplash accidents were invited to participate. This study thus avoids 
problems related to self-report of the whiplash variable (see below, limitations for 
study one and two). As the study aimed to investigate individuals in the early phase 
after whiplash injuries, using data from insurance companies and population-based 
studies might have been too slow; by the time participants could be included, 
symptoms might already have become chronic. Further, late inclusion would have to 
rely on retrospectively collected information about the first days after the accident. 
Population-based survey data would also not be a good option, as the number of 
individuals reporting a recent enough injury would be too low. By including directly 
from the first line health services, patients could be included fast, and participants who 
could not be examined within ten days of the accident were excluded [40]. Problems 
related to retrospectively collected data and recall bias were thus minimized. Most 
previous studies investigating coping have collected information at around 4-6 weeks 
post-injury [76, 110-112]. Reported coping preferences can therefore in these studies, 
more than in ours, be the result of living with symptoms, or already having 
experienced certain coping options as either beneficial or ineffective with regards to 
whiplash. Further, the chance that the preferences have been affected by health 
services will be higher in these studies. In whiplash coping has indeed been found to 
change over time [116], and the one identified study investigating coping within a 
week of the accident, found no association between coping and outcome [74]. 
In study three two clinically important outcome measures (neck pain and capability to 
work), potentially predicted by different factors were investigated. To avoid a sole 
focus on pain and gain knowledge of how patients function and get on with life, it is 
important to also assess capability to work. 
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5.3.2 Limitations
Limitations common for all three studies 
Estimates and findings in our studies might have been affected by selection bias14. 
Especially the Danish Pain Data and HUNT3 had lower participation rates than 
desirable. In HUNT3 non-participants had lower socio-economic status, higher 
mortality and higher prevalence of several chronic diseases [137]. The prevalence of 
musculoskeletal pain was, however, higher among participants [137]. In the Danish 
data used for study three, individuals declining participation (n=200) were more often 
male, and individuals lost to follow-up (n=55) were more likely to be students or 
unemployed, and more likely to report pre-collision pain [83]. Our results might thus 
have been affected by the selection, and the direction is uncertain. A previous study 
following individuals claiming compensation after whiplash, found only minor 
differences between individuals participating in the follow-up and those not; for 
example, the average baseline neck pain was somewhat lower and level of education 
somewhat higher in participants [127]. In general, individuals that participate in 
studies are healthier [225], and we might expect that individuals with very severe 
chronic whiplash, of for instance WAD4, do not participate. As these cases seem 
substantially different from lower WAD grades, they are often excluded from research 
on chronic whiplash [29, 40]. Selection bias might indeed have affected the results in 
this thesis, but studies suggest that the risk of biased results is larger for prevalence 
estimates of exposures and outcomes than for exposure-outcome associations [226]. 
In all three studies, the potential predictors investigated were self-reported, as was 
most demographic information. Our results might thus be affected by bias related to 
response styles [227]. It has for instance been suggested that some individuals might 
be inclined to exaggerate, overestimate or use high numerical values in rating tasks 
[228]. In study one and two, if such high rating lead to increased risk of reporting 
base-line health complaints as well as whiplash at follow-up, the association between 
                                              
14 Selection bias: Distortions resulting from procedures used to select subjects, and from factors influencing study 
participation (224. Rothman, K.J. and S.L. Greenland, T. L., Modern Epidemiology, Chapter 9, in Modern Epidemiology. 
2008, Lippincot WIlliams & Wilkins: Philadelphia. p. 134.) 
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predictors and outcome could have been overestimated. Also on study three, high 
rating behavior could have led to increased tendency to report need of health services 
and passive coping strategy as well as neck pain and disability. At present, there is 
little knowledge regarding these issues. However, in an epidemiological study of 
musculoskeletal disorders, high or low rating behavior has been investigated and no 
support for such theories found [229]. 
In addition to the sources of systematic misclassification as discussed above, the 
studies in this thesis could also have been affected by non-systematic misclassification 
or nondifferentiality15 [231]. Nondifferenciality can potentially lead to a loss of power 
[232] and in cases of independent nondiffertial misclassification of a binary exposure 
variable, results will be biased towards the null value [230]. In all studies, some of the 
variables, for instance working capability, accident severity and self-rated health were 
dichotomized, leading to reduction of variation and loss of power.  
Limitations specific to study one and two 
The majority of the information used in the articles in this thesis is self-reported. For 
study one and two, also the grouping variable, chronic whiplash, is self-reported. The 
lack of medical confirmation and WAD-classification is a draw-back to the studies. 
Still, as mentioned above, doctors tending to patients after whiplash accidents base the 
diagnosis on history (the accident), clinical examination and patients self-reported 
information [41, 42], and the WAD-classification is not always a good predictor of 
outcome [31, 35].  
In HUNT, participants were asked whether they had experienced a whiplash accident - 
not if they were currently suffering from chronic whiplash. As most individuals 
recover rapidly after whiplash injuries [38, 233, 234], and as neck pain is the most 
common symptom seen in chronic whiplash [30, 50, 52] the chronic whiplash group 
was closer defined by limiting inclusion to individuals reporting a whiplash accident 
                                              
15 Nondifferentiality: Nondifferential exposure misclassification occurs when the proportion misclassified on exposure does 
not depend on the stats of subject with respect to other variables in study, including outcome (230. Rothman, K.J. and S.L. 
Greenland, T. L., Modern Epidemiology, Chapter 9, in Modern Epidemiology. 2008, Lippincot WIlliams & Wilkins: 
Philadelphia. p. 138-139.) 
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more than twelve months ago and reporting neck pain. Therefore, individuals reporting 
a whiplash accident (more than 12 months ago) and neck pain were included in the 
chronic whiplash group, even if the neck pain was caused by something else. Also, in 
study two, individuals reporting whiplash but no neck pain were set as recovered even 
if they did not consider themselves as recovered.  
Previous research has used similar methods for defining chronic whiplash [66, 67]. 
Though the lack of medical confirmation is a limitation, it seems that self-reported 
whiplash has clinical relevance; self-reported whiplash is associated with increased 
symptom load [66, 67], as well as increased chances of subsequent disability pension 
awards, even in the absence of neck pain [235]. Also, at least for more recent cases, 
incidence of injuries based on self-reported data is similar to that from official sources 
of reporting [236]. 
In HUNT2 the prevalence of whiplash is around 2.8% [45] to 2.9% [237]. When 
investigating the reported number of cases within the last 2 years (in the same data), 
the yearly incidence was calculated to be 0.13%. If the proportion of drivers at risk of 
whiplash trauma is equal in all age groups, and the period of active driving is set to be 
60 years, this would give an expected prevalence in HUNT2 of 7.8% [45]. The 
discrepancy between expected and observed prevalence suggests underreport of 
whiplash in HUNT2. This might be related to recall bias: Individuals who experience a 
whiplash accident and recover fast, might forget the incidence and not think of 
reporting it when asked years later. Individuals who develop chronic symptoms, might 
be more likely to remember the accident (resulting in differential misclassification16). 
This theory has been supported in another Norwegian population-based study showing 
decreasing number of self-reported whiplash injuries with increasing time since the 
accident [67]. As time passed, the strength of association between a reported injury 
and somatic symptoms also increased [67]. This suggests that an association between 
symptom load and whiplash might be found to be higher in our studies than it would 
be, if all individuals having experienced a whiplash injury reported it. 
                                              
16 Differential misclassification here due to recall bias: where exposure is recalled and reported differently among cases and 
non-cases (230. Ibid.) 
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In HUNT2 and HUNT3 no information on physical factors involved in the whiplash 
accident (e.g. speed difference, direction of impact or the use of headrest) is provided. 
As discussed in the introduction, the prognostic value of collision related factors is not 
yet clear, but in general most collision related factors seem to be of limited importance 
[19, 32]. Investigating these factors as predictors, and being able to adjust other 
associations for these potential confounders would have been interesting, but was not 
possible in study one and two. 
In study two, recovery versus non-recovery from chronic whiplash was investigated. 
Results from such research can be difficult to compare. Rates of recovery will be 
highly dependent on cut-offs and measures used to define recovery, and in the 
literature, many different measures are used [41, 53]. The prognosis after whiplash 
also varies with study population (e.g. population-based-sample, participants recruited 
from health services or through insurance companies) [53] and between countries [62].  
Limitations specific to study three 
The main limitation to study three is the tool used to investigate coping. As described 
in the methods section, the nine items used are not part of any validated check-list for 
coping. Items were classified as active or passive based on literature and other 
inventories, and no factor analyses were run in order to determine whether the 
classification was justifiable in our sample. Being able to use a validated check-list, or 
running a factor analyses would have been a valuable addition to the study. However, 
most validated check-lists for coping are long. As discussed in the method section, the 
items used in study three were chosen as we wanted to identify simple predictive 
factors that can be easily noted by health personnel without the use of extensive 
screening tools.  
In study three, information on damage to the car and the speed difference between the 
cars involved was provided. The analyses investigating the prognostic importance of 
coping preferences were adjusted for these potential confounders. As most other 
variables investigated, these physical factors were self-reported, and thus subjective. 
Though most collision related variables seem unrelated to outcome [19, 32], having 
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objective measures for the physical factors involved would have been an interesting 
addition to all of our studies. 
In addition to the issues related to selection bias discussed above, there might be 
selection bias in study three related to participants being recruited from GPs’ or 
emergency units. Individuals that experience rear-end collisions but contact other 
services or seek no help (due to for instance milder symptoms or different health 
seeking behaviors) were thus not included. These individuals might differ from study 
participants with regards to symptom load, coping, and recovery, as well as other 
factors. Provisional situation at baseline has been compared between participants and 
matched registry controls, and no statistically significant differences found [70].   
As in study one and two, results on recovery/outcome will be highly dependent on the 
variables or cut-offs used to define recovery.  
5.4 Clinical implications 
Knowledge and understanding of the factors determining outcome in whiplash is the 
first step in preventing disability. Our findings indicate that a history of poor health as 
well as preferring health care, sick leave and medications after the injury is associated 
with poor outcome. By talking to the patient after the injury, and asking about 
preferences for treatment and coping as well as pre-injury medical history (or 
consulting medical journals if available), health personell can potentially - easily and 
early -  identify individuals at increased risk of poor recovery. This can facilitate 
treatment for those who need it more. 
However, as the efficacy of treatment after whiplash is still higly debated, one should 
be careful when recommending a close follow-up or extensive treatment programs for 
individuals after whiplash. Maybe the key message to patients should still be - as 
already stated in the QTF [42] - that pain is usually short-lived and in itself not 
harmful. Based on current knowledge, health personnel should emphasize that most 
cases of WAD are self-limited, and generally recommend patients to resume normal 
activity as soon as possible.  
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5.5 Further research 
Age, gender and depression seem to be of less prognostic importance in whiplash than 
in other chronic pain conditions. Further research is needed to determine how and why 
whiplash differs from other musculoskeletal conditions. Also, studies investigating and 
comparing risk factors for chronic complaints after whiplash accidents between 
countries would be valuable when aiming to understand the greatly varying incidence 
of chronic whiplash.  
The results of this thesis, as well as previous literature, indicate that pre-injury health 
and health care use, as well as passive coping preferences are associated with adverse 
prognosis. In order to determine a specific model of the multifactorial causality of 
chronic complaints after whiplash, and to investigate potential mediating pathways, 
further studies are needed. 
Treatment of chronic whiplash is not yet efficient, and it is unknown whether targeting 
risk factors can improve outcomes [76]. It seems that poor mental and somatic health, 
as well as passive coping preferences are associated with adverse prognosis. But can 
treatment of other somatic and mental health problems or change of coping contribute 
to better recovery?  Further research is needed to determine whether prognosis 
improves if patients are advised on helpful coping. Such research should be conducted 
in randomized controlled trials in no relation to insurance or compensation processes.  
5.6 Conclusion 
After whiplash accidents some patients develop chronic neck pain and other 
complaints. Poor pre-injury somatic and mental health as well as a high pre-injury use 
of health care and medications are associated with development of chronic whiplash. 
In individuals with whiplash, poor somatic and mental health, and a high use of health 
care and medications are associated with poor recovery. Preferences for passive coping 
in the first few days following whiplash are associated with neck pain and reduced 
capability to work one year later. Health personnel with this in mind can potentially 
identify individuals at increased risk of an adverse prognosis more efficiently at an 
 82
early stage. This can facilitate early treatment for those most in need. However, health 
care in whiplash is often ineffective and might itself increase the risk of poor recovery. 
More research on treatment in whiplash is needed; in particular on whether targeting 
prognostic factors like those identified in this thesis can improve recovery.   
 83
Source of data 
1. Vos, T., et al., Years lived with disability (YLDs) for 1160 sequelae of 289 diseases 
and injuries 1990–2010: a systematic analysis for the Global Burden of Disease Study 
2010. The Lancet, 2013. 380(9859): p. 2163-2196. 
2. Breivik, H., B. Collett, V. Ventafridda, R. Cohen and D. Gallacher, Survey of chronic 
pain in Europe: prevalence, impact on daily life, and treatment. European journal of 
pain, 2006. 10(4): p. 287-287. 
3. Storheim, K. and J.-A. Zwart, Musculoskeletal disorders and the Global Burden of 
Disease study. Annals of the rheumatic diseases, 2014. 73(6): p. 949-950. 
4. Wolfe, F., E. Brähler, A. Hinz and W. Häuser, Fibromyalgia prevalence, somatic 
symptom reporting, and the dimensionality of polysymptomatic distress: results from a 
survey of the general population. Arthritis care & research, 2013. 65(5): p. 777-785. 
5. Holm, L.W., et al., The burden and determinants of neck pain in whiplash-associated 
disorders after traffic collisions: results of the Bone and Joint Decade 2000–2010 
Task Force on Neck Pain and Its Associated Disorders. Journal of manipulative and 
physiological therapeutics, 2009. 32(2): p. S61-S69. 
6. Institute of Health Metrics and Evaluation, U.o.W. GBD compare. 2013; Available 
from: http://vizhub.healthdata.org/gbd-compare/. 
7. Lærum, E., S. Brage, C. Ihlebæk, K. Johnsen, B. Natvig and E. Aas, Et muskel-og 
skjelettregnskap. Forekomst og kostnader knyttet til skader, sykdommer og plager i 
muskel-og skjelettsystemet [A Musculosceletal Accounting. Prevalence and Expenses 
Associated with Injuries, Diseases and Ailments of the Musculoskeletal System], 
2013. 
8. Ihlebæk, C. and E. Lærum, Plager flest - koster mest. Muskel- og skjelettlidelser i 
Norge. [Torments the most - Costs the most. Musculoskeletal disorders in Norway.], 
in Nr. 01/04. 2004, Nasjonalt ryggnettverk: Bergen. 
9. NAV. Sykefraværstilfeller 2 kv 2005-2014 [Sickness absences, second quarter 2005-
2014]. 2014  [cited 2014 12.02]; Available from: 
https://www.nav.no/no/NAV+og+samfunn/Statistikk/Sykefravar+-
+statistikk/Tabeller/Legemeldte+sykefrav%C3%A6rstilfeller+2+kv+2005-
2014.+Diagnose+og+kj%C3%B8nn.+Antall..391477.cms. 
10. Gatchel, R.J., P.B. Polatin and T.G. Mayer, The dominant role of psychosocial risk 
factors in the development of chronic low back pain disability. Spine, 1995. 20(24): p. 
2702-2709. 
11. Eklund, M., Chronic pain and vocational rehabilitation: a multifactorial analysis of 
symptoms, signs, and psycho-socio-demographics. Journal of occupational 
rehabilitation, 1992. 2(2): p. 53-66. 
12. Deyo, R.A., Early diagnostic evaluation of low back pain. J Gen Intern Med, 1986. 
1(5): p. 328-38. 
13. Boden, S.D., D.O. Davis, T.S. Dina, N.J. Patronas and S.W. Wiesel, Abnormal
magnetic-resonance scans of the lumbar spine in asymptomatic subjects. A 
prospective investigation. J Bone Joint Surg Am, 1990. 72(3): p. 403-8. 
14. Jensen, M.C., M.N. Brant-Zawadzki, N. Obuchowski, M.T. Modic, D. Malkasian and 
J.S. Ross, Magnetic resonance imaging of the lumbar spine in people without back 
pain. New England Journal of Medicine, 1994. 331(2): p. 69-73. 
15. Boden, S.D., P. McCowin, D. Davis, T. Dina, A. Mark and S. Wiesel, Abnormal
magnetic-resonance scans of the cervical spine in asymptomatic subjects. A 
 84
prospective investigation. The Journal of Bone & Joint Surgery, 1990. 72(8): p. 1178-
1184. 
16. McCracken, L.M. and D.C. Turk, Behavioral and cognitive–behavioral treatment for 
chronic pain: outcome, predictors of outcome, and treatment process. Spine, 2002. 
27(22): p. 2564-2573. 
17. Werner, E.L., E. Lærum, M.E. Wormgoor, E. Lindh and A. Indahl, Peer support in an 
occupational setting preventing LBP-related sick leave. Occupational medicine, 2007. 
57(8): p. 590-595. 
18. Indahl, A., E.H. Haldorsen, S. Holm, O. Reikerås and H. Ursin, FiveǦYear FollowǦUp
Study of a Controlled Clinical Trial Using Light Mobilization and an Informative 
Approach to Low Back Pain. Spine, 1998. 23(23): p. 2625-2630. 
19. Carroll, L.J., et al., Course and prognostic factors for neck pain in Whiplash-
Associated Disorder (WAD), Results of the Bone and Joint Decade 2000-2010 Task 
Force on neck pain and its associated disroders. European spine journal, 2008. 
20. Matsumoto, M., Y. Fujimura, N. Suzuki, T. Yoshiaki and H. Shiga, Cervical
curvature in acute whiplash injuries: prospective comparative study with 
asymptomatic subjects. Injury, 1998. 29(10): p. 775-778. 
21. Matsumoto, M., et al., Prospective Ten-Year Follow-up Study Comparing Patients 
With Whiplash-Associated Disorders and Asymptomatic Subjects Using Magnetic 
Resonance Imaging. Spine, 2010. 35(18): p. 1684-1690. 
22. Matsumoto, M., et al., Cross-sectional area of the posterior extensor muscles of the 
cervical spine in whiplash injury patients versus healthy volunteers--10 year follow-up 
MR study. Injury, 2012. 43(6): p. 912-6. 
23. Elliott, J., G. Jull, J.T. Noteboom, R. Darnell, G. Galloway and W.W. Gibbon, Fatty
infiltration in the cervical extensor muscles in persistent whiplash-associated 
disorders: a magnetic resonance imaging analysis. Spine (Phila Pa 1976), 2006. 
31(22): p. E847-55. 
24. Voyvodic, F., et al., MRI of car occupants with whiplash injury. Neuroradiology, 
1997. 39(1): p. 35-40. 
25. Crowe, H. Injuries to the cervical spine. 1928. 
26. Crow, H.E., Whiplash injuries of the cervical spine. ABA Sec. Ins. Negl. & Comp. L. 
Proc., 1958: p. 176. 
27. Trimble, M.R., Post-traumatic neurosis: from railway spine to the whiplash. 1981: 
Wiley Chichester. 
28. Spitzer, W.O., Scientific monograph of the Quebec task force on whiplash-associated 
disorders: redefining'whiplash'and its management. Section 3. Spine, 1995. 20: p. 1-
73. 
29. Spitzer, W.O., Scientific monograph of the Quebec task force on whiplash-associated 
disorders: redefining'whiplash'and its management. Spine, 1995. 20: p. 1-73. 
30. Miettinen, T., K.A. Lindgren, O. Airaksinen and E. Leino, Whiplash injuries in 
Finland: a prospective 1-year follow-up study. Clin Exp Rheumatol, 2002. 20(3): p. 
399-402. 
31. Kivioja, J., I. Jensen and U. Lindgren, Neither the WAD-classification nor the Quebec 
Task Force follow-up regimen seems to be important for the outcome after a whiplash 
injury. A prospective study on 186 consecutive patients. European spine journal, 2008. 
17(7): p. 930-935. 
32. Walton, D.M., J. Pretty, J.C. MacDermid and R.W. Teasell, Risk factors for persistent 
problems following whiplash injury: results of a systematic review and meta-analysis. 
J Orthop Sports Phys Ther, 2009. 39(5): p. 334-50. 
 85
33. Hartling, L., R.J. Brison, C. Ardern and W. Pickett, Prognostic value of the Quebec 
classification of whiplash-associated disorders. Spine, 2001. 26(1): p. 36-41. 
34. Atherton, K., N.J. Wiles, F.E. Lecky, S.J. Hawes, A.J. Silman, G.J. Macfarlane and 
G.T. Jones, Predictors of persistent neck pain after whiplash injury. Emerg Med J, 
2006. 23(3): p. 195-201. 
35. Khati, I., L. Chossegros, P. Charnay, H. Tardy, A.-L. Perrine, B. Laumon and M. 
Hours, Predictive Factors for Persistent Pain and Poor Recovery of Health Status 1 
Year after Whiplash Injury (Quebec Grade 1 and 2): Results from the ESPARR 
Cohort. Pain Studies and Treatment, 2014. 2014. 
36. Ferrari, R., C. Constantoyannis and N. Papadakis, Laypersons' expectation of the 
sequelae of whiplash injury: a cross-cultural comparative study between Canada and 
Greece. Medical Science Monitor, 2003. 9(3): p. CR120-CR124. 
37. Berry, H., Chronic Whiplash Syndrome as a Functional Disorder. Archives of 
Neurology, 2000. 57(4): p. 592. 
38. Pearce, J.M.S., A critcal appraisal of the chronic whiplash syndrome. Journal of 
Neurology Neurosurgery and Psychiatry, 1999. 66(3): p. 273-276. 
39. Pearce, J., Polemics of chronic whiplash injury. Neurology, 1994. 44(11): p. 1993-
1997. 
40. Kongsted, A., E. Qerama, H. Kasch, T. Bendix, F.W. Bach, L. Korsholm and T.S. 
Jensen, Neck collar, "act-as-usual" or active mobilization for whiplash injury? A 
randomized parallel-group trial. Spine (Phila Pa 1976), 2007. 32(6): p. 618-26. 
41. Rodriquez, A.A., K.P. Barr and S.P. Burns, Whiplash: pathophysiology, diagnosis, 
treatment, and prognosis. Muscle Nerve, 2004. 29(6): p. 768-81. 
42. Spitzer, W.O., Scientific monograph of the Quebec task force on whiplash-associated 
disorders: redefining'whiplash'and its management. Section 5. Spine, 1995. 20: p. 1-
73. 
43. Curatolo, M., N. Bogduk, P.C. Ivancic, S.A. McLean, G.P. Siegmund and B.A. 
Winkelstein, The role of tissue damage in whiplash-associated disorders: discussion 
paper 1. Spine (Phila Pa 1976), 2011. 36(25 Suppl): p. S309-15. 
44. Sterner, Y., G. Toolanen, B. Gerdle and C. Hildingsson, The incidence of whiplash 
trauma and the effects of different factors on recovery. Journal of spinal disorders & 
techniques, 2003. 16(2): p. 195-199. 
45. Wenzel, H.G., T.T. Haug, A. Mykleltun and A.A. Dahl, A population study of anxiety 
and depression among persons who report whiplash traumas. Journal of 
Psychosomatic Research, 2002. 53(3): p. 831-835. 
46. Brison, R.J., L. Hartling and W. Pickett, A prospective study of acceleration-extension 
injuries following rear-end motor vehicle collisions. Journal of Musculoskelatal Pain, 
2000. 8(1-2): p. 97-113. 
47. Barrett, K., N. Buxton, R.A. D., J.J. M., B. A. and W.A. B., A comparison of 
symptoms experienced following minor head injury and acute neck strain (whiplash 
injury). Journal of Accident and Emergency Medicine, 1995. 12(3): p. 173-176. 
48. Drottning, M., P.H. Staff, L. Levin and U.F. Malt, Acute emotional response to 
common whiplash predicts subsequent pain complaints: a prospective study of 107 
subjects sustaining whiplash injury. Nordic Journal of Psychiatry, 1995. 49(4): p. 293-
300. 
49. Hendriks, E.J., G.G. Scholten-Peeters, D.A. van der Windt, C.W. Neeleman-van der 
Steen, R.A. Oostendorp and A.P. Verhagen, Prognostic factors for poor recovery in 
acute whiplash patients. Pain, 2005. 114(3): p. 408-16. 
50. Gargan, M.F. and G.C. Bannister, Long-term prognosis of soft-tissue injuries of the 
neck. J Bone Joint Surg Br, 1990. 72(5): p. 901-3. 
 86
51. Harder, S., M. Veilleux and S. Suissa, The effect of socio-demographic and crash-
related factors on the prognosis of whiplash. J Clin Epidemiol, 1998. 51(5): p. 377-84. 
52. Squires, B., M.F. Gargan and G.C. Bannister, Soft-tissue injuries of the cervical spine. 
15-year follow-up. J Bone Joint Surg Br, 1996. 78(6): p. 955-7. 
53. Cote, P., J.D. Cassidy, L. Carroll, J.W. Frank and C. Bombardier, A systematic review 
of the prognosis of acute whiplash and a new conceptual framework to synthesize the 
literature. Spine (Phila Pa 1976), 2001. 26(19): p. E445-58. 
54. Rebbeck, T., et al., A prospective cohort study of health outcomes following whiplash 
associated disorders in an Australian population. Inj Prev, 2006. 12(2): p. 93-8. 
55. Ferrari, R., A prospective study of perceived injustice in whiplash victims and its 
relationship to recovery. Clinical Rheumatology, 2014: p. 1-5. 
56. Sturzenegger, M., B.P. Radanov and G. Di Stefano, The effect of accident mechanisms 
and initial findings on the long-term course of whiplash injury. Journal of neurology, 
1995. 242(7): p. 443-449. 
57. Borchgrevink, G. and I. Lereim, [Symptoms in patients with neck injury after a car 
crash. A retrospective study]. Tidsskrift for den Norske laegeforening: tidsskrift for 
praktisk medicin, ny raekke, 1992. 112(7): p. 884-886. 
58. Partheni, M., C. Constantoyannis, R. Ferrari, G. Nikiforidis, S. Voulgaris and N. 
Papadakis, A prospective cohort study of the outcome of acute whiplash injury in 
Greece. Clinical and experimental rheumatology, 1999. 18(1): p. 67-70. 
59. Obelieniene, D., H. Schrader, G. Bovim, I. Miseviciene and T. Sand, Pain after 
whiplash: a prospective controlled inception cohort study. J Neurol Neurosurg 
Psychiatry, 1999. 66(3): p. 279-83. 
60. Ferrari, R., D. Obelieniene, P. Darlington, R. Gervais and P. Green, Laypersons'
expectation of the sequelae of whiplash injury. A cross-cultural comparative study 
between Canada and Lithuania. Medical Science Monitor, 2002. 8(11): p. CR728-
CR734. 
61. Ferrari, R. and C. Lang, A cross-cultural comparison between Canada and Germany 
of symptom expectation for whiplash injury. Journal of spinal disorders & techniques, 
2005. 18(1): p. 92-97. 
62. Ferrari, R. and H. Schrader, The late whiplash syndrome: a biopsychosocial approach. 
J Neurol Neurosurg Psychiatry, 2001. 70(6): p. 722-6. 
63. Moog, M., J. Quintner, T. Hall and M. Zusman, The late whiplash syndrome: a 
psychophysical study. Eur J Pain, 2002. 6(4): p. 283-94. 
64. Berglund, A., L. Alfredsson, I. Jensen, J.D. Cassidy and Å. Nygren, The association 
between exposure to a rear-end collision and future health complaints. Journal of 
Clinical Epidemiology, 2001. 54(8): p. 851-856. 
65. Myrtveit, S.M., S. J.C., S. B. and O.A.S.A.N.C.S. Steingrímsdóttir, Whiplash and 
chronic pain; pain characteristics and pain tolerance: A population-based study, the 
Tromsø Study 6. Spine, In review. 
66. Wenzel, H.G., A. Mykletun and T.I. Nilsen, Symptom profile of persons self-reporting 
whiplash: a Norwegian population-based study (HUNT 2). Eur Spine J, 2009. 18(9): 
p. 1363-70. 
67. Myrtveit, S.M., J.C. Skogen, H.G. Wenzel and A. Mykletun, Somatic symptoms 
beyond those generally associated with a whiplash injury are increased in self-
reported chronic whiplash. A population-based cross sectional study: The Hordaland 
Health Study (HUSK). BMC Psychiatry, 2012. 12(129). 
68. Mayou, R., S. Tyndel and B. Bryant, Long-term outcome of motor vehicle accident 
injury. Psychosom Med, 1997. 59(6): p. 578-84. 
 87
69. Kivioja, J., M. Sjalin and U. Lindgren, Psychiatric morbidity in patients with chronic 
whiplash-associated disorder. Spine (Phila Pa 1976), 2004. 29(11): p. 1235-9. 
70. Carstensen, T.B.W., The influence of psychosocial factors on recovery following acute 
whiplash trauma. Dan Med J, 2012. 59: p. B4560. 
71. Kasch, H., F.W. Bach and T.S. Jensen, Handicap after acute whiplash injury: a 1-year 
prospective study of risk factors. Neurology, 2001. 56(12): p. 1637-43. 
72. Scholten-Peeters, G.G., A.P. Verhagen, G.E. Bekkering, D.A. van der Windt, L. 
Barnsley, R.A. Oostendorp and E.J. Hendriks, Prognostic factors of whiplash-
associated disorders: a systematic review of prospective cohort studies. Pain, 2003. 
104(1-2): p. 303-22. 
73. Berglund, A., L. Bodin, I. Jensen, A. Wiklund and L. Alfredsson, The influence of 
prognostic factors on neck pain intensity, disability, anxiety and depression over a 2-
year period in subjects with acute whiplash injury. Pain, 2006. 125(3): p. 244-56. 
74. Kivioja, J., I. Jensen and U. Lindgren, Early coping strategies do not influence the 
prognosis after whiplash injuries. Injury, 2005. 36(8): p. 935-40. 
75. Mayou, R. and B. Bryant, Psychiatry of whiplash neck injury. Br J Psychiatry, 2002. 
180(5): p. 441-8. 
76. Williamson, E., M.A. Williams, S. Gates and S.E. Lamb, Risk factors for chronic 
disability in a cohort of patients with acute whiplash associated disorders seeking 
physiotherapy treatment for persisting symptoms. Physiotherapy, 2014. 
77. Borchgrevink, G.E., T.C. Stiles, P.C. Borchgrevink and I. Lereim, Personality profile 
among symptomatic and recovered patients with neck sprain injury, measured by 
MCMI-I acutely and 6 months after car accidents. Journal of psychosomatic research, 
1997. 42(4): p. 357-367. 
78. Nederhand, M.J., M.J. Ijzerman, H.J. Hermens, D.C. Turk and G. Zilvold, Predictive
value of fear avoidance in developing chronic neck pain disability: consequences for 
clinical decision making. Arch Phys Med Rehabil, 2004. 85(3): p. 496-501. 
79. Turner, M.A., P.J. Taylor and L.A. Neal, Physical and psychiatric predictors of late 
whiplash syndrome. Injury, 2003. 34(6): p. 434-7. 
80. Sterling, M., G. Jull, B. Vicenzino, J. Kenardy and R. Darnell, Physical and 
psychological factors predict outcome following whiplash injury. Pain, 2005. 114(1-
2): p. 141-8. 
81. Hartling, L., W. Pickett and R.J. Brison, Derivation of a clinical decision rule for 
whiplash associated disorders among individuals involved in rear-end collisions. 
Accident Analysis & Prevention, 2002. 34(4): p. 531-539. 
82. Radanov, B. and M. Sturzenegger, Predicting recovery from common whiplash. 
European neurology, 1996. 36(1): p. 48-51. 
83. Carstensen, T.B., L. Frostholm, E. Oernboel, A. Kongsted, H. Kasch, T.S. Jensen and 
P. Fink, Post-trauma ratings of pre-collision pain and psychological distress predict 
poor outcome following acute whiplash trauma: a 12-month follow-up study. Pain, 
2008. 139(2): p. 248-59. 
84. Wenzel, H.G., O. Vasseljen, A. Mykletun and T.I. Nilsen, Pre-injury health-related 
factors in relation to self-reported whiplash: longitudinal data from the HUNT study, 
Norway. Eur Spine J, 2012. 21(8): p. 1528-35. 
85. Herrström, P., G. Lannerbro-Geijer and B. Högstedt, Whiplash injuries from car 
accidents in a Swedish middle-sized town during 1993-95. Scandinavian journal of 
primary health care, 2000. 18(3): p. 154-158. 
86. Carragee, E.J., Validity of self-reported history in patients with acute back or neck 
pain after motor vehicle accidents. Spine J, 2008. 8(2): p. 311-9. 
 88
87. Beattie, N. and M.E. Lovell, Can patients with low energy whiplash associated 
disorder develop low back pain? Injury, 2010. 41(2): p. 144-146. 
88. Castro, W.H.M., et al., No stress - no whiplash? International Journal of Legal 
Medicine, 2001. 114(6): p. 316-322. 
89. Allen, M.E., et al., Acceleration perturbations of daily living: A comparison 
to'whiplash'. Spine, 1994. 19(11): p. 1285-1290. 
90. Taboola. Encyclopaedia Britannica Online.  12.02.2014]. 
91. Bogduk, N., On cervical zygapophysial joint pain after whiplash. Spine (Phila Pa 
1976), 2011. 36(25 Suppl): p. S194-9. 
92. Winkelstein, B.A., How can animal models inform on the transition to chronic 
symptoms in whiplash? Spine, 2011. 36(25 Suppl): p. S218. 
93. McLean, S.A., D.J. Clauw, J.L. Abelson and I. Liberzon, The development of 
persistent pain and psychological morbidity after motor vehicle collision: integrating 
the potential role of stress response systems into a biopsychosocial model. 
Psychosomatic Medicine, 2005. 67(5): p. 783-790. 
94. McLean, S.A., The potential contribution of stress systems to the transition to chronic 
whiplash-associated disorders. Spine (Phila Pa 1976), 2011. 36(25 Suppl): p. S226-
32. 
95. Gaab, J., S. Baumann, A. Budnoik, H. Gmunder, N. Hottinger and U. Ehlert, Reduced
reactivity and enhanced negative feedback sensitivity of the hypothalamus-pituitary-
adrenal axis in chronic whiplash-associated disorder. Pain, 2005. 119(1-3): p. 219-24. 
96. van Wilgen, C.P. and D. Keizer, The sensitization model to explain how chronic pain 
exists without tissue damage. Pain management nursing: official journal of the 
American Society of Pain Management Nurses, 2012. 13(1): p. 60. 
97. Sterling, M., S.A. McLean, M.J. Sullivan, J.M. Elliott, J. Buitenhuis and S.J. Kamper, 
Potential processes involved in the initiation and maintenance of whiplash-associated 
disorders: discussion paper 3. Spine (Phila Pa 1976), 2011. 36(25 Suppl): p. S322-9. 
98. Elliott, J.M., Are there implications for morphological changes in neck muscles after 
whiplash injury? Spine (Phila Pa 1976), 2011. 36(25 Suppl): p. S205-10. 
99. Elliott, J., G. Jull, J.T. Noteboom and G. Galloway, MRI study of the cross-sectional 
area for the cervical extensor musculature in patients with persistent whiplash 
associated disorders (WAD). Manual therapy, 2008. 13(3): p. 258-265. 
100. Elliott, J., M. Sterling, J.T. Noteboom, J. Treleaven, G. Galloway and G. Jull, The
clinical presentation of chronic whiplash and the relationship to findings of MRI fatty 
infiltrates in the cervical extensor musculature: a preliminary investigation. European 
spine journal, 2009. 18(9): p. 1371-1378. 
101. Borenstein, P., M. Rosenfeld and R. Gunnarsson, Cognitive symptoms, cervical range 
of motion and pain as prognostic factors after whiplash trauma. Acta Neurologica 
Scandinavica, 2010. 122(4): p. 278-285. 
102. Sundin, E.C. and M.J. Horowitz, Impact of Event Scale: psychometric properties. The 
British Journal of Psychiatry, 2002. 180(3): p. 205-209. 
103. Maier, S.F. and M.E. Seligman, Learned helplessness: Theory and evidence. Journal 
of experimental psychology: general, 1976. 105(1): p. 3. 
104. Mondloch, M.V., D.C. Cole and J.W. Frank, Does how you do depend on how you 
think you'll do? A systematic review of the evidence for a relation between patients' 
recovery expectations and health outcomes. Canadian Medical Association Journal, 
2001. 165(2): p. 174-179. 
105. Holm, L.W., L.J. Carroll, J.D. Cassidy, E. Skillgate and A. Ahlbom, Expectations for 
recovery important in the prognosis of whiplash injuries. PLoS Med, 2008. 5(5): p. 
e105. 
 89
106. Carroll, L.J., L.W. Holm, R. Ferrari, D. Ozegovic and J.D. Cassidy, Recovery in 
whiplash-associated disorders: do you get what you expect? The Journal of 
rheumatology, 2009. 36(5): p. 1063-1070. 
107. Carroll, L.J., Beliefs and expectations for recovery, coping, and depression in 
whiplash-associated disorders: lessening the transition to chronicity. Spine (Phila Pa 
1976), 2011. 36(25 Suppl): p. S250-6. 
108. Brown, G.K. and P.M. Nicassio, Development of a questionnaire for the assessment of 
active and passive coping strategies in chronic pain patients. Pain, 1987. 31(1): p. 53-
64. 
109. Taylor, S., Coping strategies. Psychosocial Notebook, 1998. 
110. Buitenhuis, J., J. Spanjer and V. Fidler, Recovery from acute whiplash: the role of 
coping styles. Spine (Phila Pa 1976), 2003. 28(9): p. 896-901. 
111. Carroll, L.J., J.D. Cassidy and P. Cote, The role of pain coping strategies in prognosis 
after whiplash injury: passive coping predicts slowed recovery. Pain, 2006. 124(1-2): 
p. 18-26. 
112. Carroll, L.J., R. Ferrari, J.D. Cassidy and P. Côté, Coping and Recovery in Whiplash-
associated Disorders: Early use of Passive Coping Strategies is Associated With 
Slower Recovery of Neck Pain and Pain-related Disability. The Clinical journal of 
pain, 2014. 30(1): p. 1-8. 
113. Carstensen, T.B.W., L. Frostholm, E. Oernboel, A. Kongsted, H. Kasch, T.S. Jensen 
and P. Fink, Are there gender differences in coping with neck pain following acute 
whiplash trauma? A 12Ǧmonth followǦup study. European Journal of Pain, 2012. 16(1): 
p. 49-60. 
114. Soderlund, A., C. Olerud and P. Lindberg, Acute whiplash-associated disorders 
(WAD): the effects of early mobilization and prognostic factors in long-term 
symptomatology. Clin Rehabil, 2000. 14(5): p. 457-67. 
115. Ferrari, R. and D. Louw, Coping style as a predictor of compliance with referral to 
active rehabilitation in whiplash patients. Clinical rheumatology, 2011. 30(9): p. 
1221-1225. 
116. Söderlund, A. and P. Lindberg, Whiplash-associated disorders–predicting disability 
from a process-oriented perspective of coping. Clinical rehabilitation, 2003. 17(1): p. 
101-107. 
117. Sullivan, M.J., H. Adams, M.O. Martel, W. Scott and T. Wideman, Catastrophizing 
and perceived injustice: risk factors for the transition to chronicity after whiplash 
injury. Spine (Phila Pa 1976), 2011. 36(25 Suppl): p. S244-9. 
118. Sullivan, M.J., B. Thorn, J.A. Haythornthwaite, F. Keefe, M. Martin, L.A. Bradley 
and J.C. Lefebvre, Theoretical perspectives on the relation between catastrophizing 
and pain. The Clinical journal of pain, 2001. 17(1): p. 52-64. 
119. Sullivan, M.J., W. Stanish, M.E. Sullivan and D. Tripp, Differential predictors of pain 
and disability in patients with whiplash injuries. Pain Research & Management, 2002. 
120. Thompson, D.P., J.A. Oldham, M. Urmston and S.R. Woby, Cognitive determinants of 
pain and disability in patients with chronic whiplash-associated disorder: a cross-
sectional observational study. Physiotherapy, 2010. 96(2): p. 151-159. 
121. Rivest, K., J.N. Côté, J.-P. Dumas, M. Sterling and S.J. De Serres, Relationships
between pain thresholds, catastrophizing and gender in acute whiplash injury. Manual 
therapy, 2010. 15(2): p. 154-159. 
122. Sullivan, M.J., H. Adams, S. Horan, D. Maher, D. Boland and R. Gross, The role of 
perceived injustice in the experience of chronic pain and disability: scale development 
and validation. Journal of occupational rehabilitation, 2008. 18(3): p. 249-261. 
 90
123. Scott, W., Z. Trost, M. Milioto and M.J. Sullivan, Further validation of a measure of 
injury-related injustice perceptions to identify risk for occupational disability: a 
prospective study of individuals with whiplash injury. Journal of occupational 
rehabilitation, 2013. 23(4): p. 557-565. 
124. Ferrari, R. and A. Russell, Why blame is a factor in recovery from whiplash injury. 
Medical hypotheses, 2001. 56(3): p. 372-375. 
125. Nijs, J., et al., Long-term functioning following whiplash injury: the role of social 
support and personality traits. Clinical rheumatology, 2011. 30(7): p. 927-935. 
126. Oxford Dictionaries. Available from: 
http://www.oxforddictionaries.com/definition/english/tort. 
127. Côté, P., S. Hogg-Johnson, J.D. Cassidy, L. Carroll and J.W. Frank, The association 
between neck pain intensity, physical functioning, depressive symptomatology and 
time-to-claim-closure after whiplash. Journal of Clinical Epidemiology, 2001. 54(3): 
p. 275-286. 
128. Cassidy, J.D., L.J. Carroll, P. Cote, M. Lemstra, A. Berglund and A. Nygren, Effect of 
eliminating compensation for pain and suffering on the outcome of insurance claims 
for whiplash injury. N Engl J Med, 2000. 342(16): p. 1179-86. 
129. Norris, S. and I. Watt, The prognosis of neck injuries resulting from rear-end vehicle 
collisions. Journal of Bone & Joint Surgery, British Volume, 1983. 65(5): p. 608-611. 
130. Rothman, K.J. and S.L. Greenland, T. L., Modern Epidemiology, Chapter 8, in 
Modern Epidemiology. 2008, Lippincot WIlliams & Wilkins: Philadelphia. p. 111. 
131. Rothman, K.J. and S.L. Greenland, T. L., Modern Epidemiology, Chapter 33, in 
Modern Epidemiology. 2008, Lippincot WIlliams & Wilkins: Philadelphia. p. 678. 
132. Rothman, K.J. and S.L. Greenland, T. L., Modern Epidemiology, Chapter 6, in 
Modern Epidemiology. 2008, Lippincot WIlliams & Wilkins: Philadelphia. p. 96. 
133. Forskningssenter, H., Folkehelse i endring, Helseundersøkelsen i Nord-trøndelag. 
2011. 
134. Krokstad, S., et al., Cohort Profile: the HUNT Study, Norway. Int J Epidemiol, 2013. 
42(4): p. 968-77. 
135. Holmen, J., et al., The Nord-Trøndelag Health Study 1995-97 (HUNT 2): Objectives, 
contents, method and participation. Norsk Epidemiologi, 2003. 13(1): p. 19-32. 
136. Forskningssenter, N.H., HUNT Helseundersøkelsen i Nord-Trøndelag. 2009. 
137. Langhammer, A., S. Krokstad, P. Romundstad, J. Heggland and J. Holmen, The
HUNT study: participation is associated with survival and depends on socioeconomic 
status, diseases and symptoms. BMC Medical Research Methodology, 2012. 12(1): p. 
143. 
138. Kongsted, A., E. Qerama, H. Kasch, F.W. Bach, L. Korsholm, T.S. Jensen and T. 
Bendix, Education of patients after whiplash injury: is oral advice any better than a 
pamphlet? Spine, 2008. 33(22): p. E843-E848. 
139. Myrtveit, S.M., A.M.S. Ariansen, I. Wilhelmsen, S. Krokstad and A. Mykletun, A
population based validation study of self-reported pensions and benefits: the Nord-
Trøndelag health study (HUNT). BMC Research Notes, 2013. 6: p. 27. 
140. Sveberg, P., A. Ropponen, P. Lichtenstein and K. Alexanderson, Are self-report of 
disability pension and long-term sickness absence accurate? Comparison of self-
reported interview data with national register data in Swedish twin cohort. BMC 
Public Health, 2010. 10: p. 763. 
141. Ferrie, J.E., M. Kivimaki, J. Head, M.J. Shipley, J. Vahtera and M.G. Marmot, A
comparison of self-reported sickness absence with absences recorded in employers' 
registers: evidence from the Whitehall II study. Occup Environ Med, 2005. 62(2): p. 
74-9. 
 91
142. Fredriksson, K., A. Toomingas, M. Torgen, C.B. Thorbjornsson and A. Kilbom, 
Validity and reliability of self-reported retrospectively cellected data on sick leave 
related to musculoskeletal disorders Scandinavian Journal of Work, Environment and 
Health, 1998. 24(5): p. 425-431. 
143. Manor, O., S. Matthews and C. Power, Self-rated health and limiting longstanding 
illness: inter-relationships with morbidity in early adulthood. Int J Epidemiol, 2001. 
30(3): p. 600-7. 
144. Kuorinka, I., B. Jonsson, A. Kilbom, H. Vinterberg, F. Biering-Sorensen, G. 
Andersson and K. Jorgensen, Standardised Nordic questionnaires for the analysis of 
musculoskeletal symptoms. Appl Ergon, 1987. 18(3): p. 233-7. 
145. Snaith, R.P., The Hospital Anxiety And Depression Scale. Health Qual Life Outcomes, 
2003. 1(29): p. 29. 
146. Herrmann, C., International experiences with the hospital anxiety and depression 
scale - A review of validation data and clinical results. Journal of Psychosomatic 
Research, 1997. 42(1): p. 17-41. 
147. Olsson, I., A. Mykletun and A.A. Dahl, The hospital anxiety and depression rating 
scale: A cross-sectional study of psychometrics and case finding abilitites in general 
practice. BMC Psychiatry, 2005. 5(1): p. 46. 
148. Bjelland, I., A.A. Dahl, T.T. Haug and D. Neckelmann, The validity of the Hospital 
Anxiety and Depression Scale. An updated literature review. J Psychosom Res, 2002. 
52(2): p. 69-77. 
149. Jacka, F.N., S. Overland, R. Stewart, G.S. Tell, I. Bjelland and A. Mykletun, 
Association between magnesium intake and depression and anxiety in community-
dwelling adults: the Hordaland Health Study. Australasian Psychiatry, 2009. 43(1): p. 
45-52. 
150. StataCorp, Stata Statistical Software: Release 11. 2009, Stata Corporation LP.: 
College Station, TX. 
151. Myrtveit, S.M., I. Wilhelmsen, K.J. Petrie, J.C. Skogen and B. Sivertsen, What
characterizes individuals developing chronic whiplash?: The Nord-Trondelag Health 
Study (HUNT). J Psychosom Res, 2013. 74(5): p. 393-400. 
152. Myrtveit, S.M., J.C. Skogen, K.J. Petrie, I. Wilhelmsen, H.G. Wenzel and B. 
Sivertsen, Factors Related to Non-recovery from Whiplash. The Nord-Trøndelag 
Health Study (HUNT). International journal of behavioral medicine, 2013: p. 1-9. 
153. Rothman, K.J. and S.L. Greenland, T. L., Modern Epidemiology, Chapter 20, in 
Modern Epidemiology. 2008, Lippincot WIlliams & Wilkins: Philadelphia. p. 383. 
154. Rothman, K.J. and S.L. Greenland, T. L., Modern Epidemiology, Chapter 9, in 
Modern Epidemiology. 2008, Lippincot WIlliams & Wilkins: Philadelphia. p. 132-
133. 
155. Peduzzi, P., J. Concato, E. Kemper, T.R. Holford and A.R. Feinstein, A simulation 
study of the number of events per variable in logistic regression analysis. J Clin 
Epidemiol, 1996. 49(12): p. 1373-9. 
156. Bland, J.M. and D.G. Altman, Multiple significance tests: the Bonferroni method. 
BMJ, 1995. 310(6973): p. 170. 
157. Hosmer D. W., L.S., Applied Logistic Regression. 2001, New York: Wiley and Sons. 
158. B. R. Kirkwood, J.A.C.S., Essential Meical Statistics, Chapter 36. 2003, Blackwell 
Science. p. 432-433. 
159. Hanley, J.A. and B.J. McNeil, The meaning and use of the area under a receiver 
operating characteristic (ROC) curve. Radiology, 1982. 143(1): p. 29-36. 
160. Harrell, F.E., Regression modeling strategies: with applications to linear models, 
logistic regression, and survival analysis. 2001: Springer. 
 92
161. StataCorp, Stata Statistical Software: Release 12. 2011, Stata Corporation LP.: 
College Station, TX. 
162. Myrtveit, S.M., T. Carstensen, H. Kasch, E. Ørnbøl and L. Frostholm, Initial coping 
preferences are associated with outcome one year after whiplash trauma. BMJ Open, 
In review. 
163. Hogg-Johnson, S., et al., The burden and determinants of neck pain in the general 
population. Results of the Bone and Joint Decade 2000-2010 Task Force on Neck 
Pain and Its Associated Disorders (Reprinted from Spine, vol 33, pg S39-S51, 2008). 
Journal of Manipulative and Physiological Therapeutics, 2009. 32(2 Supplement): p. 
S46-S60. 
164. Bovim, G., H. Schrader and T. Sand, Neck pain in the general population. Spine 
(Phila Pa 1976), 1994. 19(12): p. 1307-9. 
165. Schrader, H., D. Obelieniene, G. Bovim, D. Surkiene, D. Mickeviciene, I. Miseviciene 
and T. Sand, Natural evolution of late whiplash syndrome outside the medicolegal 
context. Lancet, 1996. 347(9010): p. 1207-11. 
166. Andersson, G.B., Epidemiological features of chronic low-back pain. The lancet, 
1999. 354(9178): p. 581-585. 
167. Bergman, S., P. Herrström, K. Högström, I.F. Petersson, B. Svensson and L. 
Jacobsson, Chronic musculoskeletal pain, prevalence rates, and sociodemographic 
associations in a Swedish population study. The Journal of rheumatology, 2001. 28(6): 
p. 1369-1377. 
168. Myrtveit, S.M., B. Sivertsen, J.C. Skogen, L. Frostholm, K.M. Stormark and M. 
Hysing, Adolescent Neck and Shoulder Pain—The Association With Depression, 
Physical Activity, Screen-Based Activities, and Use of Health Care Services. Journal 
of Adolescent Health, 2014. 
169. Fillingim, R.B., C.D. King, M.C. Ribeiro-Dasilva, B. Rahim-Williams and J.L. Riley, 
3rd, Sex, gender, and pain: a review of recent clinical and experimental findings. J 
Pain, 2009. 10(5): p. 447-85. 
170. Hamberg, K., G. Risberg, E.E. Johansson and G. Westman, Gender bias in physicians' 
management of neck pain: a study of the answers in a Swedish national examination. 
Journal of women's health & gender-based medicine, 2002. 11(7): p. 653-666. 
171. Ektor-Andersen, J., L. Janzon and B. Sjölund, Chronic pain and the 
sociodemographic environment: results from the Pain Clinic at Malmo General 
Hospital in Sweden. The Clinical journal of pain, 1993. 9(3): p. 183-188. 
172. Grøholt, E.-K., H. Stigum, R. Nordhagen and L. Köhler, Recurrent pain in children, 
socio-economic factors and accumulation in families. European journal of 
epidemiology, 2003. 18(10): p. 965-975. 
173. Saastamoinen, P., P. Leino-Arjas, M. Laaksonen and E. Lahelma, Socio-economic
differences in the prevalence of acute, chronic and disabling chronic pain among 
ageing employees. Pain, 2005. 114(3): p. 364-371. 
174. Linton, S.J., Risk factors for neck and back pain in a working population in Sweden. 
Work & stress, 1990. 4(1): p. 41-49. 
175. Manninen, P., H. Riihimäki and M. Heliövaara, Incidence and risk factors of low-back 
pain in middle-aged farmers. Occupational Medicine, 1995. 45(3): p. 141-146. 
176. Takasaki, H., J. Treleaven, V. Johnston, A. Rakotonirainy, A. Haines and G. Jull, 
Assessment of driving-related performance in chronic whiplash using an advanced 
driving simulator. Accident Analysis & Prevention, 2013. 60: p. 5-14. 
177. Hotopf, M., A. David, L. Hull, V. Nikalaou, C. Unwin and S. Wessely, Risk factors 
for continued illness among Gulf War veterans: a cohort study. Psychological 
medicine, 2004. 34(04): p. 747-754. 
 93
178. Barsky, A.J. and J.F. Borus, Functional somatic syndromes. Ann Intern Med, 1999. 
130(11): p. 910-21. 
179. Buitenhuis, J. and P.J. de Jong, Fear avoidance and illness beliefs in post-traumatic 
neck pain. Spine (Phila Pa 1976), 2011. 36(25 Suppl): p. S238-43. 
180. Saplosky, R.M., Why don’t zebras get ulcers? Un updated guide to stress, 
stressrelated diseases, and coping. 1998, New York. Freeman. 
181. BlackburnǦMunro, G. and R. BlackburnǦMunro, Chronic pain, chronic stress and 
depression: coincidence or consequence? Journal of neuroendocrinology, 2001. 
13(12): p. 1009-1023. 
182. Escobar, J.I., B. Cook, C.N. Chen, M.A. Gara, M. Alegria, A. Interian and E. Diaz, 
Whether medically unexplained or not, three or more concurrent somatic symptoms 
predict psychopathology and service use in community populations. J Psychosom Res, 
2010. 69(1): p. 1-8. 
183. Kroenke, K., The interface between physical and psychological symptoms. Prim Care 
Companion J Clin Psychiatry, 2003. 5(suppl 7): p. 11-18. 
184. Michler, R., G. Bovim and H. Schrader, [Physician's statement concerning whiplash 
injuries. Significance of supplementary information]. Tidsskrift for den Norske 
laegeforening: tidsskrift for praktisk medicin, ny raekke, 1993. 113(9): p. 1104-1106. 
185. Kouyanou, K., C.E. Pither and S. Wessely, Iatrogenic factors and chronic pain. 
Psychosomatic Medicine, 1997. 59(6): p. 597-604. 
186. Cote, P., S. Hogg-Johnson, J.D. Cassidy, L. Carroll, J.W. Frank and C. Bombardier, 
Initial patterns of clinical care and recovery from whiplash injuries: a population-
based cohort study. Archives of internal medicine, 2005. 165(19): p. 2257-2263. 
187. Côté, P. and S. Soklaridis, Does Early Management of Whiplash-Associated Disorders 
Assist or Impede Recovery? Spine, 2011. 36: p. S275-S279 
10.1097/BRS.0b013e3182388d32. 
188. Ferrari, R., Rewriting the book on whiplash. Lancet, 2013. 381(9866): p. 514-5. 
189. Gehrt, T.B., T.B.W. Carstensen, E. Ørnbøl, P.K. Fink, H. Kasch and L. Frostholm, 
The role of illness perceptions in predicting outcome after acute whiplash trauma: A 
multicenter 12-monthn follow-up study. Clinical Journal of Pain 2014. 31(1): p. 14-20. 
190. Jensen, M.P., J.A. Turner, J.M. Romano and P. Karoly, Coping with chronic pain: a 
critical review of the literature. Pain, 1991. 47(3): p. 249-83. 
191. Spitzer, W.O., Scientific monograph of the Quebec task force on whiplash-associated 
disorders: redefining'whiplash'and its management. Section 4. Spine, 1995. 20: p. 1-
73. 
192. Borchgrevink, G.E., A. Kaasa, D. McDonagh, T.C. Stiles, O. Haraldseth and I. 
Lereim, Acute treatment of whiplash neck sprain injuries. A randomized trial of 
treatment during the first 14 days after a car accident. Spine (Phila Pa 1976), 1998. 
23(1): p. 25-31. 
193. Rosenfeld, M., R. Gunnarsson and P. Borenstein, Early intervention in whiplash-
associated disorders: a comparison of two treatment protocols. Spine (Phila Pa 1976), 
2000. 25(14): p. 1782-7. 
194. Sullivan, M.J., H. Adams, T. Rhodenizer and W.D. Stanish, A psychosocial risk 
factor--targeted intervention for the prevention of chronic pain and disability 
following whiplash injury. Phys Ther, 2006. 86(1): p. 8-18. 
195. M. Peeters, G.G.M., A.P.P. Verhagen, R.A.P. de Bie and R.A.P. B. Oostendorp, The
Efficacy of Conservative Treatment in Patients With Whiplash Injury: A Systematic 
Review of Clinical Trials. Spine, 2001. 26(4): p. E64-E73. 
 94
196. Jull, G., J. Kenardy, J. Hendrikz, M. Cohen and M. Sterling, Management of acute 
whiplash: a randomized controlled trial of multidisciplinary stratified treatments. 
Pain, 2013. 154(9): p. 1798-806. 
197. Michaleff, Z.A., et al., Comprehensive physiotherapy exercise programme or advice 
for chronic whiplash (PROMISE): a pragmatic randomised controlled trial. Lancet, 
2014. 384(9938): p. 133-41. 
198. Wessely, S., C. Nimnuan and M. Sharpe, Functional somatic syndromes: one or 
many? Lancet, 1999. 354(9182): p. 936-939. 
199. Longstreth, G.F., W.G. Thompson, W.D. Chey, L.A. Houghton, F. Mearin and R.C. 
Spiller, Functional bowel disorders. Gastroenterology, 2006. 130(5): p. 1480-1491. 
200. Magni, G., C. Caldieron, S. Rigatti-Luchini and H. Merskey, Chronic musculoskeletal 
pain and depressive symptoms in the general population. An analysis of the 1st 
National Health and Nutrition Examination Survey data. Pain, 1990. 43(3): p. 299-
307. 
201. Heading, R., Prevalence of upper gastrointestinal symptoms in the general 
population: a systematic review. Scandinavian journal of gastroenterology. 
Supplement, 1998. 231: p. 3-8. 
202. Kisely, S., D. Goldberg and G. Simon, A comparison between somatic symptoms with 
and without clear organic cause: results of an international study. Psychological 
Medicine, 1997. 27(05): p. 1011-1019. 
203. Buchwald, D. and D. Garrity, Comparison of patients with chronic fatigue syndrome, 
fibromyalgia, and multiple chemical sensitivities. Archives of Internal Medicine, 
1994. 154(18): p. 2049-2053. 
204. Black, D.W., B.N. Doebbeling, M.D. Voelker, W.R. Clarke, R.F. Woolson, D.H. 
Barrett and D.A. Schwartz, Multiple chemical sensitivity syndrome: symptom 
prevalence and risk factors in a military population. Archives of Internal Medicine, 
2000. 160(8): p. 1169-1176. 
205. Kipen, H.M., W. Hallman, H. Kang, N. Fiedler and B.H. Natelson, Prevalence of 
chronic fatigue and chemical sensitivities in Gulf Registry veterans. Archives of 
Environmental Health: An International Journal, 1999. 54(5): p. 313-318. 
206. Unwin, C., et al., Health of UK servicemen who served in Persian Gulf War. The 
Lancet, 1999. 353(9148): p. 169-178. 
207. Fukuda, K., et al., Chronic multisymptom illness affecting Air Force veterans of the 
Gulf War. Jama, 1998. 280(11): p. 981-988. 
208. Iversen, A., T. Chalder and S. Wessely, Gulf War Illness: lessons from medically 
unexplained symptoms. Clinical Psychology Review, 2007. 27(7): p. 842-854. 
209. Kang, H.K. and T.A. Bullman, Mortality among US veterans of the Persian Gulf War. 
New England Journal of Medicine, 1996. 335(20): p. 1498-1504. 
210. Robbins, J.M. and L.J. Kirmayer, Attributions of common somatic symptoms. Psychol 
Med, 1991. 21(4): p. 1029-45. 
211. Deary, V., T. Chalder and M. Sharpe, The cognitive behavioural model of medically 
unexplained symptoms: a theoretical and empirical review. Clinical psychology 
review, 2007. 27(7): p. 781-797. 
212. Barsky, A.J., Amplification, somatization, and the somatoform disorders. 
Psychosomatics, 1992. 33(1): p. 28-34. 
213. Chalder, T., M. Hotopf, C. Unwin, L. Hull, K. Ismail, A. David and S. Wessely, 
Prevalence of Gulf war veterans who believe they have Gulf war syndrome: 
questionnaire study. Bmj, 2001. 323(7311): p. 473-476. 
214. Cairns, R. and M. Hotopf, A systematic review describing the prognosis of chronic 
fatigue syndrome. Occupational medicine, 2005. 55(1): p. 20-31. 
 95
215. Moss-Morris, R. and T. Chalder, Illness perceptions and levels of disability in patients 
with chronic fatigue syndrome and rheumatoid arthritis. Journal of Psychosomatic 
Research, 2003. 55(4): p. 305-308. 
216. Deale, A., K. Husain, T. Chalder and S. Wessely, Long-term outcome of cognitive 
behavior therapy versus relaxation therapy for chronic fatigue syndrome: a 5-year 
follow-up study. American Journal of Psychiatry, 2001. 158(12): p. 2038-2042. 
217. Prins, J., J. Van der Meer and G. Bleijenberg, Chronic fatigue syndrome. Lancet, 
2006. 367(9507): p. 346-355. 
218. Edmonds, M., H. McGuire and J. Price, Exercise therapy for chronic fatigue 
syndrome. Cochrane Database Syst Rev, 2004. 3. 
219. Fulcher, K.Y. and P.D. White, Randomised controlled trial of graded exercise in 
patients with the chronic fatigue syndrome. Bmj, 1997. 314(7095): p. 1647. 
220. ME, A.f. Pacing for people with ME.  09. Dec 2014]; Available from: 
http://www.actionforme.org.uk/Resources/Action%20for%20ME/Documents/get-
informed/pacing-booklet.pdf. 
221. White, P., et al., Comparison of adaptive pacing therapy, cognitive behaviour therapy, 
graded exercise therapy, and specialist medical care for chronic fatigue syndrome 
(PACE): a randomised trial. The Lancet, 2011. 377(9768): p. 823-836. 
222. Deale, A., T. Chalder and S. Wessely, Illness beliefs and treatment outcome in chronic 
fatigue syndrome. Journal of Psychosomatic Research, 1998. 45(1): p. 77-83. 
223. Holmen, J. and K. Midthjell, The Nord-Trøndelag Health Survey 1984-86: Purpose, 
Background and Methods. Participation, Non-participation and Frequency 
Distributions. 1990: National Institute of Public Health. 
224. Rothman, K.J. and S.L. Greenland, T. L., Modern Epidemiology, Chapter 9, in 
Modern Epidemiology. 2008, Lippincot WIlliams & Wilkins: Philadelphia. p. 134. 
225. Knudsen, A.K., M. Hotopf, J.C. Skogen, S. Overland and A. Mykletun, The health 
status of nonparticipants in a population-based health study: the Hordaland Health 
Study. Am J Epidemiol, 2010. 172(11): p. 1306-14. 
226. Nilsen, R.M., et al., SelfǦselection and bias in a large prospective pregnancy cohort in 
Norway. Paediatric and perinatal epidemiology, 2009. 23(6): p. 597-608. 
227. Van Vaerenbergh, Y. and T.D. Thomas, Response styles in survey research: A 
literature review of antecedents, consequences, and remedies. International Journal of 
Public Opinion Research, 2013. 25(2): p. 195-217. 
228. Greenleaf, E.A., Measuring extreme response style. Public Opinion Quarterly, 1992. 
56(3): p. 328-351. 
229. Toomingas, A., L. Alfredsson and A. Kilbom, Possible bias from rating behavior 
when subjects rate both exposure and outcome. Scandinavian Journal of Work 
Environment and Health, 1997. 23(5): p. 370-377. 
230. Rothman, K.J. and S.L. Greenland, T. L., Modern Epidemiology, Chapter 9, in 
Modern Epidemiology. 2008, Lippincot WIlliams & Wilkins: Philadelphia. p. 138-
139. 
231. Rothman, K.J. and S.L. Greenland, T. L., Modern Epidemiology, Chapter 19, in 
Modern Epidemiology. 2008, Lippincot WIlliams & Wilkins: Philadelphia. p. 355. 
232. M. B. Veierød, S.L.P.L., Medical statistics in clinical and epidemiological research. 
2012, Guldendal Akademisk. p. 342. 
233. Barnsley, L., S. Lord and N. Bogduk, Whiplash injury. Pain, 1994. 58(3): p. 283-307. 
234. Sterner, Y. and B. Gerdle, Acute and chronic whiplash disorders--a review. J Rehabil 
Med, 2004. 36(5): p. 193-209; quiz 210. 
 96
235. Mykletun A, G.N., Wenzel HG, Overland S, Harvey SB, Wessely S, Hotopf M, 
Reverse causality in the association between whiplash and symptoms of anxiety and 
depression. The HUNT study. Spine, 2011. 
236. Roberts, S.E., E. Vingilis, P. Wilk and J. Seeley, A comparison of self-reported motor 
vehicle collision injuries compared with official collision data: An analysis of age and 
sex trends using the Canadian National Population Health Survey and Transport 
Canada data. Accident Analysis & Prevention, 2008. 40(2): p. 559-566. 
237. Myran, R., K. Hagen, S. Svebak, O. Nygaard and J.-A. Zwart, Headache and 
musculoskeletal complaints among subjects with self reported whiplash injury. The 
HUNT-2 study. BMC musculoskeletal disorders, 2011. 12(1): p. 129. 
 
 
